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Vysoké učení technické v Brně
Fakulta chemická

Purkyňova 464/118, 61200 Brno 12

Zadání dizertační práce

Číslo dizertační práce: FCH-DIZ0051/2011 Akademický rok: 2011/2012

Ústav: Ústav chemie a technologie ochrany životního prostředí 

Student(ka): Ing. Milada Kadlecová

Studijní program: Chemie a technologie ochrany životního prostředí (P2805) 

Studijní obor: Chemie životního prostředí (2805V003) 

Vedoucí práce prof. RNDr. Hana Dočekalová, CSc.

Konzultanti:

Název dizertační práce:

Role sedimentů jako zdroje nebo úložiště znečištění rtutí, geochemická studie 

Zadání dizertační práce:

Dizertační práce se zabývá aspekty znečištění rtutí přírodního prostředí a možností využití in-situ

vzorkovací techniky s použitím nových sorpčích gelů v technice DGT.

Primární cíle dizertační práce jsou:

i)!Optimalizace metody stanovení methylrtuti pomocí extrakce a ethylace spécií rtuit s použitím headspace

a automové fluorescenční detekce a zavedení této techniky do běžné laboratorní praxe.

ii)!Terénní studie distribuce rtuti v sedimentech říčních systémů Jižní Moravy (v České republice) a

regionu Nord Pas de Calais (ve Francii).

iii)!Studie metylačního a demethylačního potenciálů velmi znečištěných sedimentů

iv)!A využití různých sorpčních gelů v technice DGT pro stanovení rtuti v sedimentech.

Termín odevzdání dizertační práce: 29.2.2012

Dizertační práce se odevzdává ve třech exemplářích na sekretariát ústavu a v elektronické formě

vedoucímu dizertační práce. Toto zadání je přílohou dizertační práce.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ing. Milada Kadlecová prof. RNDr. Hana Dočekalová, CSc. doc. Ing. Josef Čáslavský, CSc.

Student(ka) Vedoucí práce Ředitel ústavu

- - - - - - - - - - - - - - - - - - - - - - -
V Brně, dne 1.9.2007 prof. Ing. Jaromír Havlica, DrSc.

Děkan fakulty
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����������������� ��� ������������	� ���� ������������� �������� �������	�  ��� �"�������������
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������$C��!����� ����������$C��� �$���	��.��A���������C�����������������������#��E�	�#��

��������J� �����A� �� �#�� �� ��������#���� �� ��$� ��� ��������	� ������ ��E�� �� �������E��A��
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3�������A� ���$��G� $����������� ������ ���A� �����H�?A�A� $� ����#��B�A� ������ ������ ��
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�E����?��� �����������E��A� �������� �����	� �����G� ���� ��������A� �����A� ������

�������������� ?���� ����E�	� ��HE���� ������������ �������H�A� ��E���� +������B?�� ?�� ����E���

������� ��������A� ����	������� �������������� �����A� ���������$G� ���������� ��� ����H�A�
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 ���������H�A� ����$�A!� $���E� ?�� ����E��� ���DA�E���� M��EI��A� ��#������� ?�� ��$G� �B���E���

���@��E�� #E���� H���G��� �#��$��E�A!� �$�����E�A� �#��$J� �� �@A����B� �#��$J� �@��� ��������

����C#��!� ?�$�D� �� ���������G� HE���� �B��?A�A� ��� ���G��A� ������� ������ �� ����	�������
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$����������� ������ �� �P���G� ���B� ��������J� �� ��������� ����������� ������ #�� ��������J��

������$�� �� �#�A��� ���������� �����$G��  ����� ?�� �����C�� �E����?��� ���� ��������A�

$����������� ������ ���P���G����B� ��������J��+�� ��$��7��8��	������D��A� �G��� ������$	�����

�B@��A� ������ #��H�B� �������E���� )��� ���E��C� ��$��$� �@����IA�� �������������� ��D�C���

����H�A������J������C���������������A����������D������	�D��A��G���������$	���������������A�

�������%	�	����D��	��J#�G�����H�A����	9�3������������!�+�������'�,:;�����17��

R�$�� +�5��� ?�� ��$������� ������A��� ���D���A� �����������A� ������ ����E#�?A�A� #�

��J�	����C��� #���?J� �� ?�� ����D��E��� #�� �������E��A� �C#����C� #���?� ����	������� ����

�$���A� �����@��A� �� #��EI�B� ���� D��G� ��������	�� L������A� HE��� ��#����H�A� ��E��� ��� #��C�E�

����$��A��������A���������J�$������������	��H�A�����������	��H�A���������J���������������

@�$	�+�5����&�������B���������G�#��H$���H����������� ���B��<<�����7��������	�	��@��E�	�

�����������J���	����#��H��G����������������$�������	��������������������A����������	��HA����

��#���� ?�?���� �@��B�	� ����J�B��� ������������� -���������� ���D���� ��H��� �#������G�
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Speciation of mercury in the strongly polluted sediments of

the Deûle River (France)

Milada Kadlecov"a, Baghdad Ouddane*

and Hana Do#cekalov"a

We demonstrate that the concentrations of dieldrin, DDT, DDE,
and DDD in surficial sediments from Long Island Sound have
not decreased significantly over the past twenty years.
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The Deûle River in Northern France experienced serious contamination from the metallurgical

industry, especially from the smelter Metaleurop prior to 2003. In 2002 the surface sediments were

collected from the bed of the river around 10 km above and 10 km below the smelter. Total mercury

(HgT) and methylmercury (MeHg) concentrations exceeded the background value of 0.1 mg kg!1. The

average concentrations were 19.67 " 1.02 mg kg!1 and 10.88 " 1.08 mg kg!1, respectively. In 2003 the

sediment core samples were collected at two different sites near the factory for survey depth profiles of

Hg contamination. The concentrations of HgT and MeHg in sediment cores varied from 10.47 to

259.44 mg kg!1 and from 3.24 to 82.61 mg kg!1, respectively. The concentration of total mercury was

significantly correlated with the methylmercury concentration in the sediment below a depth of 23.5 cm

(R2
¼ 0.81, p < 0.01). This may suggest that the production of MeHg is directly related to the HgT

concentration. Nevertheless the MeHg/HgT ratio in the upper part of the sediment core was higher

than that in the lower part. This suggests that HgT and MeHg may have been co-deposited together.

However, the methylmercury production takes place in the surface sediment by microorganisms. The

strong correlation observed between MeHg and acid volatile sulfides (AVS) suggests that MeHg

variability is associated with the bacterial activity (presence of AVS).

Introduction

Mercury (Hg) is a toxic element, widely distributed in the envi-

ronment and is also present in the aquatic systems. It exists in

different chemical and physical species with a wide range of

properties and its toxicological and ecotoxicological effects are

strongly dependent on the chemical form present.1,2 Inorganic

mercury Hg(II) is the main form of Hg in waters and sediment

samples which can be naturally converted to a much more toxic

form methylmercury (MeHg). MeHg is accumulated by aquatic

organisms and is known to be bio-amplified along the food

chain, and it poses a threat to humans consuming fish.1

Knowledge of the concentration, transport and speciation of

mercury compounds in aquatic ecosystems is needed to predict

the potential impact on human and aquatic life.3

Extensive waste inputs from industrial and/or agricultural and/

or urban sources have contributed to the significant increase of

pollution in rivers. This is also the case for Northern France,

where the increase in population as well as development of

industry contributed to a contamination of once clean aquatic

ecosystems. This is also the case for the highly populated and

greatly industrialized region of Northern France. This region is

known for its extensive metallurgical industry. Near Douai city,

the lead and zinc smelter Metaleurop contributed to one-third of

the French production of zinc (i.e. 100 000 t). Metaleurop 3was in
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Environmental impact

In this work, we have investigated some of the main geochemical factors affecting the speciation and distribution of mercury in

highly contaminated sediments from the Deûle River. The behaviour and fate of this metal contaminant in sediments are examined

using new analytical methods. Under anoxic conditions, transformation of inorganic mercury to methylmercury occurs via sulfate-

reducing bacteria even though the sediment is highly contaminated by other trace metals. The importance of biogeochemical

processes in this anoxic sediment was verified.
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active for more than a century and was closed in January 2003;

however the waste is still located in the vicinity and can spread

into all fields of the environment, massively accumulating and

endangering the people living in the proximity of such

a contaminated place.4,5 We focused our study on total mercury

(HgT) and methylmercury (MeHg) in the river sediments taken

from the strongly polluted point of the Deûle River near

Metaleurop.

In this study, HgT and MeHg concentrations in depth profile

of sediments were determined. For MeHg determination after

ethylation, the Headspace injection technique, followed by gas

chromatography separation and atomic fluorescence spectrom-

etry detection, is used.

Materials and methods

Sampling and sample treatment

Samples were collected within a part of the Stardust project

(INTEREG III) realized along the Deûle canal. The sampling

sites are shown in Fig. 1. In July 2002 the surface sediments were

taken using a Van Veen grab system (just 5 cm of the depth). This

first series was realized around 10 km distance at 17 sites

downstream and upstream of Metaleurop smelter. Subsequently

undisturbed core samples were collected together with their

overlying water in November 2003. Two sampling sites located in

a part of the Deûle River that was considered as its most polluted

zone had been chosen. The first site was upstream (Fig. 1, core A,

site 7) and the second one downstream (Fig. 1, core B, site 8) of

the factory. The core samples were collected using a hand-driven

gouge sampler and polyethylene core. The length of the sampler

tube was 80 cm and the inner diameter was 7 cm. The upper part

of the sediment core tube was cut at a thickness of 2 cm and the

lower part at 3 cm (under 10 centimetres of the sediment depth).

Cutting of the sediment was performed under N2 atmosphere (in

a N2-filled glove bag) to prevent any oxidation reactions in the

sedimentary material. Sliced sediment samples as well as surface

sediment samples were placed and preserved in hermetically

closed plastic bags and vessels, transported to the lab and stored

in the fridge (4 $C). An additional sediment core was collected for

measurement of potential.

Collection, storage and preservation followed US EPA

Method 1631 (Revision E, 2002). All glass and Teflon vessels

were cleaned by washing using Milli-Q (18.2 MU cm, Millipore)

water after 24 hour soaking in the diluted nitric acid

(HNO3 : H2O ¼ 1 : 10, v/v) and then4 dried under streamline.

Determination of HgT concentrations

Before HgT and MeHg analysis in the laboratory, the samples

were dried at the room temperature and then sieved through 63

mm sieves to remove rough particles.

For the total mercury analysis in dry sediment samples without

any pre-treatment, a one-purpose atomic absorption spectrom-

eter Advanced Mercury Analyser, model AMA 254 (Altec Ltd.,

Czech Republic), was used. This analyzer is based on thermal

combustion of a known amount of dried sediment in oxygen

atmosphere, a selective trap of mercury on an amalgamator and

subsequently, after heating Hg–Au amalgam, on atomic

absorption spectroscopy detection of the released Hg0. The

amalgamator and the block of measuring cuvettes are kept at

a temperature of 120 $C to prevent water condensation. After

selective trapping, mercury is released from the amalgamator by

a short heating-up of the Hg–Au amalgam and is transferred by

a carrier gas through the long measuring cuvette, gathered in

a delay vessel and transferred through a short cuvette out of the

instrument. Consequently the same quantity of mercury is

measured twice with different sensitivities, resulting in a dynamic

range of 0.05 ng Hg of the analyser in a single measurement.6 The

detection limit for the analysis of 100 mg of the sample is 0.1 mg

kg!1.

Analysis of the samples followed the analysis of the certified

reference material (CRM) from the International Atomic Energy

Agency (e.g., IAEA 405, 433 and 158). Certified mercury

contents are listed in Table 1.

Determination of MeHg concentrations

For the determination of MeHg in sediments, the aqueous phase

ethylation followed by Headspace (HS) injection, Gas Chroma-

tography separation and Atomic Fluorescence Spectroscopy

(GC-AFS), proposed by Leermakers et al.,7 was used. The

precision and accuracy of the technique have been verified by

calibration exercises and the analysis of the reference material

(e.g., IAEA 405). An overview of the analytical procedure is

Fig. 1 Position of sampling sites.

Table 1 Measured and certified values of HgT (mg kg!1)

CRM sediment Measured value (n ¼ 6) Certified value

IAEA-405 0.750 " 0.060 0.810 " 0.030
IAEA-433 0.155 " 0.010 0.168 " 0.017
IAEA-158 0.121 " 0.013 0.132 " 0.014
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given here. For quantification of the MeHg concentration,

a known amount of the sediment (100.0 mg for more contami-

nated or 200.0 mg for less contaminated sediments) was placed

into a 25 mL glass vial, to which 1 mL of 1 M CuSO4 (Acros

Organics, New Jersey, USA) solution and 5 mL of 18% KBr (w/

v) (Merck, Darmstadt, Germany) in 5% H2SO4 (v/v) (Merck,

Darmstadt, Germany) solution were added. The mixture in

vertical position was shaken at 400 rpm for 45 min and then after

adding 10 mL CH2Cl2 it was shaken for additional 45 min, fol-

lowed by centrifugation for 15 min at 3000 rpm to separate the

organic, aqueous and solid layers. 20 mL Milli-Q water was

added to a 50 mL conical glass bottle and then 5 mL of CH2Cl2
was transferred. The organic layer was back-extracted in Milli-Q

water by solvent evaporation at 46 $C (water bath—Compatible

Control CC3, Offenburg, Germany) under constant N2 flow

until there were no more visible drops of CH2Cl2.
7 All sample

extracts were analysed on the same day. For analysis, 5 mL

aqueous extract was diluted with 5 mL Milli-Q water in the 22

mL Headspace vials. 50 mL of acetate buffer (82 g CH3COONa,

p.a., Merck, Darmstadt, Germany and 59 mL CH3COOH,

Scharlau Extrapur in 500 mL Milli-Q water) were added to get

the optimal pH (between 4.8 and 5.2).8,9 Finally 50 mL of sodium

tetraethylborate (min 98%, Stream Chemicals, Newburyport,

USA) solution was added for the ethylation reaction. The vials

were sealed with Teflon-coated butyl rubber septa and Al crimp

caps. Before analysis, the solution was shaken and allowed to

react for 1 hour in the dark.10

Optimization was carried out on MeHg standard solutions (1–

50 ng L!1). The procedure was firstly performed and validated on

a certified reference material IAEA 405.

The analytical system for methylmercury determination,

present in the sediment, consists of a Headspace sampler (Per-

kinElmer HS TurboMatrix 40) coupled to a Gas Chromatograph

(Clarus 500, PerkinElmer, USA) through a heated fused silica

transfer line. The transfer line is directly connected to the packed

GC non-polar capillary column which consists of an 80 cm long

Teflon tube (PTFE O.D. ¼00, I.D. 1/800, 15 & 0.25 mm & 0.25 mm,

Altech) filled with 10% OV3 on a Chromosorb WAW DMCS

(60/80 mesh). The outlet of the GC is coupled to a Cold-Vapour

Atomic-Fluorescence detector (Tekran, Model 2600 CVAFS

Mercury Analysis System, USA) via a pyrolysis unit. The

pyrolysis oven (ETC-60 Electrothermal Temperature Controller,

Varian, Australia) was provided with a temperature control set.

All data were acquired by a TotalChrom Navigator System,

Version 6.3.0.0445 (PerkinElmer). The operating conditions for

HS-GC-AFS and pyrolysis were based on the parameters

previously optimized10–13 and modified by varying them during

the optimization procedure. The parameters are summarized in

Table 2.

Determination of reduced sulfur species

The majority of mercury can be associated with organic matter,

where it binds strongly to reduced sulfur groups. Reduced sulfur

(S) species were determined in the sediment cores, which were

sectioned under N2 atmosphere, after their conversion into H2S

gas following sequential extraction procedures described previ-

ously by Cornwell et al.14 and Canfield et al.15 and optimized by

Billon et al.16 Briefly, about 1 g of frozen and wet sediment was

introduced into a flask. This manipulation was carried out inside

a glove box. The extraction of acid volatile sulfides (AVS), which

are mainly composed of amorphous FeS, poorly crystallized

gregite and/or mackinawite, was performed by the addition of 6

M HCl solution to the anoxic sediment sample at ambient

temperature over one hour. This procedure led to the generation

of H2S gas, which was drawn off with N2 and trapped into a 2 M

NaOH solution, containing further ascorbic acid and ethyl-

enediaminetetraacetic acid, disodium salt dihydrate to give 2Na+

and S2!. The content of trapped sulfide ions was titrated by a 10!3

M AgNO3 solution by means of a specific sulfide membrane

electrode (Orion). The accuracy of these two methods was esti-

mated to be <8% and the lower limit of determination of this

method (1 g of sediment) was about 20 mg kg!1 of S in the

sediment. The optimisation of this method and the artefact

related to sampling and determination were discussed by Billon

et al.16 and by Lesven et al.17

Calibration and evaluation of detection limit, limit of

quantitation and precision

A validation procedure was carried out for the MeHg calibration

line. A five-point calibration was used during the measurements

to obtain high confidence for the calibration line. Statistical

evaluation of the method for MeHg determination was based on

ISO 8466-1.18 The detection limit (LOD) and limit of quantita-

tion (LOQ) calculated as three times and ten times the standard

deviation of blank determination were 1.12 ng L!1 and 3.74 ng

L!1 as Hg respectively. The precision of the method, indicated as

relative standard deviation (RSD) for ten replicate analyses of 10

ng L!1 MeHg, was 3.7%.

The accuracy of the MeHg extraction procedure with CH2Cl2
and subsequent back extraction intoMilli-Q water was evaluated

in the participation of the certified material IAEA-405 and the

obtained result (5.85 " 0.45 ng Hg g!1) was in good agreement

with the recommended value (5.49 " 0.53 ng Hg g!1). Repeat-

ability (RSD; n ¼ 5) calculated for the analysis of certified

material IAEA-405 was 4.86% and a detection limit of 0.27 mg

kg!1 for 0.2 g sediment and back-extraction of 5 mL of CH2Cl2
layer into 20 mL Milli-Q water was obtained.

Table 2 HC-GC-AFS parameters used for MeHg determination

Headspace parameters
HS temperature 70 $C
Thermostatic heating time 5 min
Pressurization time 30 s
Injection time 15 s
Withdrawal time 20 s
Needle temperature 100 $C
Transfer line temperature 105 $C
Sample volume 10 mL
Gas-chromatography parameters
Column PTFE O.D. ¼00, I.D. 1/800,

15 & 0.25 mm & 0.25 mm, Altech
Initial temperature 50 $C
Initial time 1 min
Ramp temperature 25 $C min!1

Final temperature 100 $C
Final time 2 min
Carrier gas flow rate 60 mL min!1

Pyrolyser
Pyrolysis temperature 800 $C
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Results and discussion

Surface sediments—horizontal distribution

The horizontal distribution of HgT and MeHg in surface sedi-

ment samples is shown in Fig. 2. HgT and MeHg concentra-

tions ranged from 2.1 to 78.4 mg kg!1 (mean 19.67 " 19.97 mg

kg!1) and from 1.1 to 46.4 mg kg!1 (mean 10.89 " 11.80 mg

kg!1), respectively. The background concentration of uncon-

taminated sediments of Hg in this region (Nord-Pad de Calais)

is 0.1 mg kg!1 HgT.19 We observed approximately from 10 to

800 times higher Hg concentration in the surface sediments than

the background value at all the sampling points of the Deûle

River.

Indeed, the highest Hg concentrations in the surface sediments

were observed at site 8 (see Fig. 2), which is located near the

former industrial zone (see Fig. 1) while they decrease with

distance from the pollution source. Surface sediments are

strongly contaminated in the place where the dust from Metal-

europ was spread and the effluent discharged. In Table 3

concentrations of both HgT and MeHg found in the surface

sediment in the Deûle River are compared with those observed in

other rivers and environmental causality affected by mining or

other industrial activities. Higher concentrations of HgT and

MeHg have been detected in river sediments where industrial

sources of Hg (e.g. mining activities) are found, like in the

Slovenia (Idrijca River) and Spain (Valdeazogues River).

Vertical distribution of HgT and MeHg

The results show (Fig. 3) that the HgT concentration ranged

from 10.47 to 13.28 mg kg!1 (mean 10.80 " 3.11 mg kg!1) in

core A and from 10.89 to 259.44 mg kg!1 (mean 64.51 " 78.90

mg kg!1) in core B. The MeHg concentration in sediment

samples was in the range from 3.24 to 18.91 mg kg!1 (mean

10.36 " 5.55 mg kg!1) in core A and from 2.31 to 82.61 mg kg!1

(mean 23.4 " 26.14 mg kg!1) in core B. The repeatability was

checked by making triplicate measurements of each sample.

The variability ranged from 0.3 to 8.8% (mean 3.3%). A large

difference in the sediments depth and a difference in the

mercury concentration between these sampling places (7 and 8)

close to each other are evident. The sediment layer is larger in

core B, most probably on account of industrial activity,

because deeper sediments can be found near the field where

the dust from lead and zinc metallurgical production was

spread.

The vertical distribution of Hg concentrations showed vari-

ability and no consistent gradient with increasing depth in

shallow sediments (core A and till 23.5 cm in core B) (Fig. 3a).

This is not uncommon and has been also found e.g. by ref. 20 and

21 in the cores taken from northern Kazakhstan and Texas. This

5variability in Hg concentrations in sediment cores may be partly

explained by bioturbulation 6, redistribution of sediments during

seasonal changes or by boat traffic which tends to mix sediment

levels.

Fig. 2 Horizontal distribution of HgT and MeHg in surface sediments at 17 sampling points.

Table 3 Comparison of HgT and MeHg concentrations in river sediments

River HgT/mg kg!1 MeHg/mg kg!1 Source Reference

Idrijca (Slovenia) 5–727 3–10 Mercury mine (stopped in 1994) 24
So#ca (Slovenia) 1.3 0.8–3 Mercury mine (stopped in 1994) 25
Valdeazogues River (Spain) 7.2–74 8.6–880 Mining activities 26
Wuli River (China) 0.8–48 0.18–35 Zn smelter and chlor-alkali facility 27
Haihe River (China) 0.55–8.8 0.7–21.7 Industrial and domestic effluents 28
Steamboat Creek (Nevada, USA) 0.03–8.53 0.03–2.98 Gold and silver extraction 29
Deûle River (France) 2.1–78.4 1.1–46.4 Zn–Pb smelting factory This study
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As shown in Fig. 4, when the HgT concentration in the sedi-

ment was plotted against the MeHg concentration, no correla-

tion was found in the surface sediments. Actually some studies

also reported that there can be a weak correlation between HgT

and MeHg concentrations in sediments.22 As reported23 the Hg

methylation is active in surface sediments where the production

of MeHg is not consequently directly bound to the total Hg

concentration, but depends also on a lot of environmental vari-

ables, such as pH, temperature, complexing agent, and biological

activities. Bloom and Lasorsa30 observed that in the stable

aquatic systems no significant changes in HgT and MeHg were

seen. But when the organic-rich sediments are redistributed (e.g.

boat traffic) MeHg in the water column increases (by factor 30,

mostly in the suspended matter30), while the increase of HgT is

not so noticeable (factor 2, ref. 30). Thus MeHg can be eluted

from the sediment and is less fixed in sediment matter than

inorganic mercury.

A positive and noticeable correlation was found (r ¼ 0.81, p <

0.01) between MeHg and HgT in the deeper sediment (under 25

cm). We observed growth concentrations of MeHg and HgT in

the deeper sediment, which increased up to ten times compared

to surface sediments. This suggests the persistence of MeHg in

older, buried sediment, and the positive and prominent correla-

tion between HgT and MeHg concentrations suggests that they

have been co-deposited together or that MeHg production is

a function of HgT concentration as observed also by Benoit et al.

(1998).31

In the upper part of sediment cores without big differences in

the concentration of HgT as well as MeHg, the proportion of

MeHg (%MeHg) given by the amount of inorganic Hg present

(%MeHg ¼ (MeHg/Hg) & 100) is near 0.1" 0.02%. These low %

MeHg are typical at high sulfate concentrations.31,32 Sulfate

reducing bacteria (SRB) are important methylators of mercury.33

At low sulfate concentrations, sulfate stimulates sulfate-reduction

Fig. 3 (a) Concentration of HgT and MeHg in a sediment core. (b) AVS depth profiles.

Fig. 4 Correlation between HgT and MeHg: (a) deeper sediments

(>23.5 cm; cores A and B); (b) surface sediments (cores A and B).
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as well as Hg methylation; however at high sulfate concentration

inorganic mercury is less available for methylation due to its

complexation with sulfidic compounds.34 This is also the case for

Deûle River. The AVS and MeHg concentration profiles show

a similar trend. In the work of Mikac et al. in some of the inves-

tigated sediments, very good correlations were established

between MeHg and AVS, indicating an efficient adsorption of

MeHg onto iron monosulfides or something common in the

mechanisms of their formation in sediments.35–37 Mikac et al.37

also observed a good agreement between MeHg profiles in the

sediment and the depth profile of AVS. This7 relation suggests that

conditions which are favorable for formation of AVS are also

favorable conditions forHgmethylation (MeHg increases asAVS

increases). Conditions could be favorable for Hg methylation not

only due tohigh activity of SRB (recognizedby efficient formation

of AVS), but also due to particular8 speciation of Hg in pore water

at the relevant depth and the presence of Hg–sulfur species which

are readily available for methylation.35,37 In contrast, total

mercury concentrations were observed to be inversely correlated

with AVS; this suggests that the accumulation of total mercury is

negatively related to sulfur levels. In core B, an increase of AVS

concentration is observed in a deeper part of the core (25 cm,

Fig. 3b). It suggests that sediment SRB activity is not limited only

to the surface layers.

Additional analyses of ores previously treated by Metaleurop

confirmed the notion that methylation is caused by microbial

activity and other environmental conditions as MeHg present in

these ores is not eminent. In these natural ores, MeHg was not

found and if it was, the ratio MeHg/HgT was not significant

(Table 4). Also when the MeHg concentration in the minerals

was plotted against the HgT concentration, the significant

correlation factor was not found (r ¼ 0.19) between their

concentrations. Anyway additional work is necessary for the

survey of sulfur behaviour and of potential MeHg production

(methylation rate)/MeHg degradation (demethylation rate)

determinations as well as for investigation of mercury speciation

in water, suspended solids and sediments pore water.

Conclusions

We9 can consider that the HgT concentration is one of the factors

influencing the presence of MeHg and its distribution in the

sediments. The higher ratio of MeHg10 /HgT in the surface (less

than 25 cm) versus that in deeper sediments and the value near

0.1% (Fig. 3) suggest that the production of MeHg is mainly

limited to the surface sediment where there is high microbial

activity as reported earlier.35 The positive correlation trend

suggests that there is a competition between methylation and

demethylation. In deeper sediments the microbial activity and its

potential for methylation are not sufficient or because of the high

concentration of total mercury, the microbial association

becomes inactive and hence the production of MeHg is limited.

But the conditions in deeper sediments are stabilized, so the

production of MeHg is mainly caused by HgT bulk. In deeper

sediments, the high Hg concentration indicates its persistence in

the long term.

The total Hg concentration is constant in the upper 25 cm of

core B. This is probably a consequence of sediment deposition in

the recent time period. The increase of the Hg concentration with

depth in core B and also the greater sediment layer in core B in

comparison with core A may be the consequence of a higher

anthropogenic load of Hg and matter in the past—during the

industrial times.

The factory Metaleurop is considered a certain agent respon-

sible for mercury pollution of the Deûle River ecosystem. Hg

speciation in surface sediments was examined at 17 sites around

10 km distance and deep sediment profiles at two sites in prox-

imity of the old lead and zinc Metaleurop factory, considered as

the most polluted zone (highest contamination by Hg and

MeHg).

MeHg and HgT concentrations in deeper sediments were

significantly correlated and the MeHg/HgT ratio here and so the

methylmercury production are influenced by the HgT pool, but

on the other hand in surface sediments, the other factors

controlling MeHg productions are also important. We 11noticed

that HgT and MeHg were deposited together into the buried

sediments from where, we consider, they may diffuse back to the

water column during dredging to preserve canal navigability. For

considering resuspension (mercury quantity eluted from sedi-

ment) additional work is needed for estimating the HgT and

MeHg concentrations in pore and surface water. Thus we could

roughly evaluate what concentration of MeHg the aquatic

organisms can be exposed to. The need of additional work and

continuation of monitoring this area is evident.
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"�)�$�� '!� 8�+ ��� ���� '��� �'��'� ���� ��� +��� ����� )�5����!� ����� ���� �'8���'5�'��+�

� �+��#� ���'!��!� �'!� P+�"�+� "�)�$�� '!� )�')�'������'4� 
��� 8�+ ��� ����� "�+��� �����
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+�)���!��'����9�5��#��6�����)+���!�6�)���#�����+� ���4�& ��������$����8�+ ����6��+5�����++�

>$����)���������6� '!���� �����+�)����:+���4�
����)�'�"���9�+��'�!�"#�'�8�$����'��6� ����

"���7�����)� �'� �������������'!���!�5�'����'!�����+�'$����������)+����'�����)�8�7����)�����

�����'���6�������5�+�'$��+�)��,����������	�
7���:+���24�

�

��5�+�'$� ����� B�� B#�� �� ���� )�'��!���!� ��� ���� �+�)�� ����� ���� "���� ������ �'!�

��!�5�'���= �+��#�,�����= �+�����8��!���)� ���!L�� �X�B��B#��)�'�+��U������= �'$��5%B#�24�


�����:+�� ��8��� ���� "��'� �5��)��!� "#� ���� ������ !��)���$��� �'!� ��� ��� )����)����*�!� ���

��$�;��++ ��!��������#���54������B��B#���������� ���!��6��������)�'6+ �')���6���8�����:+��

�'!�B#�4�
����6�)��� ������������������8�����:+���'6+ �')��������������'!���!�5�'��= �+��#4�

���5���������������	������8�!�'�����������)�')�'������'����+������������������B��B#����,�9)����

����>$
�C��'!�>$
��!24�C��+��)�')�'������'��6�>$
��'������)+��� ,>$
�'�2� ��� +�������� ����

 ')�'��5�'���!������B��B#�����'!������)�')�'������'�����$��'���$�����6��������)�'6+ �')���6�

���� ��8���7� ���� )�')�'������'�� �6� !�������!� >$
� �'� ��!�5�'��� ,>$
��!2� ��� +����� �'� ����

��:+����8����'!�<;D.���5�����$�����'�����B#����8��4�
���"�������66�)����������+�)�����'������

�'��'��7��������>$��'������)+����'�+��������+��>$������$�����'���������+����!�5�'��4����) �#�

��������$����'!�')#����"�����"�!��'�� �6�)��4��'!��'�'�� ��+��������>$����5���+#�"� '!�!�

�����!�5�'����'!���+��$�����������'��6�>$��'��������������������)��!����� ���'!�!������)+���

,�++��)�7� /..024� >$� "� '!� ��� �'��$�'�)� �����)+��� )�'� "�� ���'������!� "#� ���� � ���'!�!�

5����!�6��5������+�)�����������$��"�������66�)�,��:+��X��7�&2��������5�!�������+�)��,B��B#��

X��27����������������)+���)�'�����+�4�
���������#�������$����>$
�)�')�'������'����6� '!����

����+����)�'��5�'���!��+�)�4�
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��� ��5�+�'$� �+���� T+;1� ��� ��� ���!� �'� ���� ��8��� �I�8'�)�� ��������� �9��'��8�� �'! �����+�

6�)��������'����9�5��#��'!����66�)������++4�
���)�')�'������'���6�>$����)�����'������� !��!�

�'8���'5�'��+� )�5����5�'�� ,�����7� ��!�5�'�2� ��� ������ ���� �+�)��� ���� )�5����"+�4� 
���

���66�)����5�����"������5��'�6�)���������'��"+��6�������>$�)�'��5�'����'��6��= ���)��#���5�

�'� ����� +�)�+��#4���')�'������'���6� ����>$����)���� �'��� !��!��'8���'5�'��+�)�5����5�'���

���� ��$����� ��� ���� T+;0<� �6���� ���� )�'6+ �')�� �6� ���� ����8�� �'!� �I�8'�)�� ��8��4� 
���

)�')�'������'����� �����!����"���'6+ �')�!�"#�����"���������57�" ���+���"#������')�����'$�

�'! ���#��'��������9�5��#��6�������+�)�4�
���)�')�'������'��!�)��������������+�)��T+;004�
����

)� +!�"���'6+ �')�!�"#�����6�)�7������'���'! ���#����+�)���!�"�����'����������T+;0<��'!�T+;

0D7�������++ ���'������� +���6����8�� ��)�'��5�'����'��'!�����)�')�'������'������+����4��
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�����!�5�'��)�����6���� �8�#��6�!��������6�+������������'�����++���5�+�'$��+�)���'�

���')��,��:+��;���&7�B��B#��;����2��'!�( �����������'����5�+�'$��������'������� �������8���

;�	8�[7�"�)� ����6���!�5�'���)�5�������'��,�'�$�'���+�����)�5�������'��6�������!�5�'����'�

����8������� ������'!#2��'!�5����'$�� ���"+���= ��5�'�� ,��!�5�'����5�+��24�
���5����'$�

� ���"+���= ��5�'��,�'�9�)�)�'!����'�6���������!�5�'��) ���'$2��������������'���#��'+#�����

>$
��'!���>$��'�!�#���!�5�'�������5��� ��!4�

�

��� �8���$�� )�')�'������'��6�>$
��'!���>$���� 	8�'� ���<.7<�]�07<D�5$4�$;0� �'!�

/71A�]�07D��S$4�$;07������)��8�+#�,����������	�
�24�
���)�')�'������'��6�>$����)�����'���:+��

�'!� B#�� ��8��� ���� �'� ���� ������ ���	� �� �'!� ������ ���	� �4� 
��� 8�+ ��� ����� �8���$�� 6���

)�5������'��6���5�+�'$��+�)��4�
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���� ��>$� )�')�'������'� ���� �+����!� �$��'��� >$
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'���)��"+�� '�$���8�� )����+����'����� �"���8�!� �'+#� ��� ���� �+�)����:+�;&� ,������� ���	� 

24�


����� $$����'����$'�6�)�'����+����'�����"�����'���>$��'!�>$
�)�')�'������'��9)��������

�+�)����:+�;&�,�/�O�.7A�-�'�O�A27�����������'�$���8��)����+����'�����"���8�!4��������	8�'7�
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