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Abstract

We investigated a wetland downstream of a closed-down uranium mine (Vogtland, Saxony, Germany). Clear
input and output locations enabled monitoring of U concentrations and loads for two years under miscellaneous
hydrologic conditions. Mining effluents showed U loads of about 100 kg a™. In spite of considerable U accumul-
ations in plants and sediments, reduction of U loads passing the wetland was rather poor. Short residence times
(< 1 d) are one important explanation for low natural attenuation. We conclude more adapted hydrologic struct-
ures with respect of biogeochemical processes as a key to U remediation. Wetlands constructed that way might
be cost efficient and with reasonable space requirement related to contaminant loads.

Key words: uranium, internal sinks, flow regime, constructed wetland, natural attenuation, Saxony

Introduction

As a source of radioactivity Uranium (U) has been of environmental interest for decades. Due to its
high chemo toxicity already in the range of some pg L™ and mobility of U(VI) species in aerobic wat-
er, there is growing interest to remove U from slight acid and alkaline mine waters. WHO (2005) sug-
gested for drinking water 15 ug L™ U, Konietzka et al. (2005) fixed a limit according to the drinking
water directive at 10 ug L' U. Based on an added risk approach of eco toxic effects and natural back-
ground values, the Free State of Saxony fixed the level for insignificant U contaminations at 5 ug L™
(Sohr 2006). Effluents from ancient U mines are a major source for contamination of water bodies in
Saxony. Constructed wetlands are well known for decontamination of domestic and agricultural sew-
age water (Kadlec 1997) and they are successful as a reasonable and cost extensive solution for treat-
ment of acid mine waters (Younger 2000,Wolkersdorfer & Younger 2002). Some success in applic-
ation to radionuclides was reported by Kalin et al. (2005), but the mobility of U(VI) and its complex
aquatic behaviour make U remediation more difficult than other contaminants. Mine water remed-
iation is a long-term issue and rising costs for future energy will give even more importance to con-
structed wetlands. In this study, we present a two years monitoring of U concentrations and loads at
various sectors at a mine water contaminated existing wetland with characteristics of U loads and sel-
ected U accumulation phenomena.

Study site and methods

The investigated wetland is located at Neuensalz-Zobes, Western Ore Mountains (Saxony). This area
was subject of intense uranium mining form 1956 to 1977. A tailing site with mining deposits was es-
tablished in vicinity to the mines. Downriver of the tailing dam some springs discharging mining and
ground water, generating together with temporary tailing outflow a wetland consisting of a stream
with black alder swamp forest tree dominated riparian vegetation and a pond. Stream surface including
shore zones was approximately 500 m2. Pond surface was 1322 m? with a max. volume of 455 m3.
After one year of monitoring a bypass cut tailing waters off, so two different flow regimes could be
compared. Defined inflow and outflow to the wetland provides a suitable study (Figure 1). Monitoring
took place from April 2002 to April 2004. Continuous water level gauging was made at main spring
and at after confluence of spring and tailing waters with weirs and pressure transducers.

Volumetric discharge measurements at various water levels permitted to receive continuous run-off
data. We calculated residence times in the pond continuously by water balance and determined real
residence times by two tracer tests. In 2002 we grab sampled every other week water probes at the
most representative spots (Figure 1). Water chemistry is neutral to slightly alkaline (pH 7-8, EC 800-
1000 uS cm’, 25°C). U occurs mainly as mobile calcium-uranyl carbonate complex with U(VI) spec-
iation (Dudel et al. 2004, Mkandawire and Dudel 2005). Water probes were filtered (45 um) and ana-
lysed with ICP-MS (PQ2+, VG Elemental). In addition non-filtered probes were analysed about every
other month. After one year the sampling frequency was reduced. Loads were calculated by concent-
ration and discharge assuming a linear interpolation for concentration between sampling dates. Water
residence times were roughly estimated by calculating water body geometry and water balance. Resid-



ence times were checked by two tracer tests (LiCl, Na-Fluoresceine). Water exposed roots of black
alder (Alnus glutinosa) and various submerse and emerse macrophytes species where sampled in order
to determine U concentrations in dry mass in related chapters of our project (methods described in
Brackhage et al. 2004, Dienemann et al. 2005 and Mkandawire & Dudel 2005). Sampling and analysis
of litter and sediments is described in Dienemann et al (2006) and Weiske & Dienemann (2003).

Figure 1 Investigated wetland downstream of a former U mining area with sampling sites

Results and discussion

Average run-off through the wetland was 20 L s (10 L s during droughts and storm flows exceeding
100 L s™"). Installation of a bypass for the tailing waters in March 2003 reduced the discharge signific-
ant and floods became much less important. In 2003 and 2004 main spring beneath the tailing dam
was the main source of wetland run-off (discharging 30-50%).

Figure 2 U concentrations and loads at mains spring and main weir. Installation of a bypass for the
tailing waters leads to a more stable hydrologic regime in the remaining stream.
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Discharge variations in 2002 are mainly due to the surface run-off from the tailing area, which was
exposed to precipitation (Figure 1 and 2). Tracer tests showed residence times in stream section < 1 h
and in the pond the magnitude of a few hours. Water balance calculations assume mean residence
times to be in the range of 3 — 11 h. Unlike tracer tests water balance calculations do not respect an
existing short-circuit current in the pond. Continuous calculations (Figure 3) are systematically
overestimated but still a suitable characterisation. Main spring beneath the tailing dam showed U
concentrations from 200-300 pug L™ (Figure 2). Discharging 4-8 L s'. This means U loads in the
magnitude of 0.05-0.2 kg d”'. We observed at main spring elevated U concentrations and elevated U
loads under higher discharge periods (Figure 2). The main spring was the most important U source for
the wetland. Until March 2003 tailing waters with U concentrations from 50-200 pg L™ contributed to
the stream. Gauging station is below the confluent of the main spring, tailing spillway and some minor
springs, data from this point represents the input to stream and pond section. Related U concentration
were 100-240 pg L™ respective loads of 0.1-1 kg d. During floods U concentrations “suffered” some
dilution, but due to higher discharge, loads became much more important (Figure 2). U loads per year
were in the magnitude of 100 kg a”'. Comparisons of filtered and non-filtered U probes did not show
considerable differences.



Figure 3 U load balances for stream and pond sections (negative values indicate a sink function).
Discharge and residence times are plotted above.
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Figure 3 shows U load balances in the stream section from weir to pond and after the pond passage.
First year under influence of tailing water shows for both sections rather chaotic patterns of sink and
source functions. Changes of up to 70 g d”' occur. Mean value is minus 2%, but this is no significant
level. After bypass installation the balance pattern changed and marked more stable and smaller
values.

Figure 4 U accumulations in plants, litter and sediments. Data compiled from Brackhage et al.(2004),
Dienemann et al. (2005), Dienemann et al. (2006), Dudel et al. (2004), Mkandawire & Dudel (2005,
2007), Weiske & Dienemann (2003).
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There is a little shift towards a sink function but the impact on U loads of this “system” remains rather
poor (5%). This means about 95% of the U loads are still passing through the wetland.

In spite of only minor load changes in the wetland, considerable U accumulations do occur. Figure 4
shows U contents in water exposed plants, litter and sediments (Brackhage et al. 2004, Dudel et al.
2004, Mkandawire & Dudel 2005, 2007, Dienemann et al. 2006, Weiske & Dienemann 2003). U
concentration in submerse parts of macrophytes and roots of trees and micro-organisms are several
decades higher than in water. This ratio is considered as a biological transfer factor. U values of
biofilm covered structures (e.g. un-washed algae and plant samples) are significant higher than washed
probes (Aretz & Dudel 2006, Dienemann et al. 2005). Upon vascular plant litter this phenomenon is
even stronger (Dienemann et al. 2005). Stream sediments are exposed to current (mixing) and had
rather homogeneous U concentrations (70 — 250 pg g"). Pond sediments accumulate and they are
horizontal and vertical more various but generally higher contaminated (U conc. 10— 1.800 ug g ). In
the stream section, sediment deposition and erosion seemed to be rather in equilibrium. The pond
shows a clear estuary like sedimentation pattern from the stream confluent. Accumulation in the pond
indicates a long-term sink, which is only to a minor degree affected by erosion.

Conclusions

The investigated mining site at Neuensalz-Zobes contaminates with about 100 kg a” U the down-
stream situated water bodies including the man made lake “Talsperre Pohl” and the entire Elbe river
catchment. In spite of high U accumulations in plants, litter and sediments, remediation effects in the
existing natural wetland are very low. We consider short residence times of only a few hours as the
main reason for poor impact on U load balances in the stream and in the pond section. Plants and as-
sociated microbes play an active role by U accumulation by sorption on surface and cellular incorpor-



ation and by increasing sedimentation due to reduced flow velocity. However, plants interact as a rath-
er temporary U sink degrading plant litter release particle bound U. This way plants (C assimilation)
act as a kind of catalyst for U accumulation in sediments, if hydro-morphologic properties are
favourable for sedimentation. At Neuensalz-Zobes actually a considerable part of remobilised U might
be washed out. Storm flow events are not adequate represented by weekly or monthly grab sampling,
but these events are very likely to remobilise considerable amounts of DOM, POM and sediments. An
efficient constructed wetland should respect hydrologic properties and certainly residence time distrib-
ution. But sufficient residence times do only matter, if biogeochemical accumulation and fixation pro-
cesses are taking place. Water chemistry and U speciation aspects (Luo et al. 2007) and surface prop-
erties of organic matter have to be considered too. Respecting these conceptual aspects a fulfilling
constructed wetland remains a matter of size and residence times. These construction parameters are
related to contaminant load and discharge. In case of the investigated wetland at Neuensalz-Zobes
space requirements might remain within the magnitude of some hectares. Low long term maintenance
cost and independence of external energy supply (including the net C accumulation without consider-
able CH,4 emissions in steady state) make constructed wetlands a favourable solution for U mine water
remediation.

Acknowledgements

Thanks to A. Weiske for running the ICP-MS and to A. Jost and K. Klinzmann for assistance in the
lab. K. Aretz, C. Brackhage, M. Mkandawire and O. Scholz elaborated plant data and H. Dienemann
investigated sediments. Research was founded by the Federal Ministry of Education and Science
(BMBF), Project-No. 02WB0222. M. Fischer was very helpful checking the English language.
References

Aretz K, Dudel EG (2006) Zur In-situ-Leistung von Aufwuchsalgen bei der Immobilisierung von Uran und
anderen Schwermetallen sowie Arsen aus dem Wasserpfad. DGL Jahrestagung 2006, Dresden, 207-207.
Brackhage C, Scholz O, Dudel EG (2004) The role of rhizofiltration and compartimentation in the removal of
uranium and heavy metals from mining leachates using wetlands. 7th Intecol Int. Wetlands Conf., Utrecht. p 41,
www.bio.uu.nl/intecol

Dienemann H, Dienemann C, Brackhage C, Dudel EG, Rotsche J, Weiske A (2006) Radium-226 und Uran-238
in Sedimenten im Abstrom einer Uranbergbauhinterlassenschaft — Abschitzung der Perspektiven und Grenzen
von Sedimentationsgriben. 57. Berg- und Hiittenménnischer Tag, Freiberg.

Dienemann H, Dienemann C, Dudel EG (2005) Influence of allochthonous plant litter on the fixation of uranium
in the sediment. In: Uranium in the Environment. Merkel, B., Hasche-Berger, A. (Hrsg.), Springer-Verlag,
Berlin Heidelberg New York, 149-157.

Dudel, EG, et al.. (2004) Efficiency and regulation of uranium and arsenic elimination from the water pathway
by selected aquatic communities. 7th Intecol International Wetlands Conference, 25.-30.7.2004, Utrecht. p. 90.
Kadlec, RH (1997) Deterministic and stochastic aspects of constructed wetland performance and design. Wat.
Sci. & Technol. 35: 149-156.

Kalin M, Wheeler, WN, Meinrath, G (2005) The removal of uranium from mining waste water using
algal/microbial biomass. J of Env. Radioact. 78: 151-177.

Konietzka, Dieter, Voss (2005) Vorschlag fiir einen gesundheitlichen Leitwert fiir Uran in Trinkwasser,
Umweltmed Forsch Prax 10 (2005), 113-115.

Luo J, Weber FA, Cirpka OA, Wu WM, Nyman JL, Carley J, Jar P (2007) Modeling in-situ uranium(VI)
bioreduction by sulfate-reducing bacteria. J Contam Hydrol. 92 (2007) 129-148.

Mkandawire M, Dudel EG (2005) Accumulation of arsenic in Lemna gibba L. (duckweed) in tailing waters of
two abandoned uranium mining sites in Saxony, Germany. Sci. Tot. Env. 336(1-3): 81-89.

Mkandawire M, Dudel EG (2007) Are Lemna sp. Effective Phytoremediation Agents? Bioremediation,
Biodiversity and Bioavailability 1(2) 56-71

Sohr A (2006): Die neuen Geringfiigigkeitsschwellen der LAWA. Procc. Reprisentative Grundwasserproben-
nahme Nov. 2006 Magdeburg.

Weiske A, Dienemann, H (2003) ICP-MS-Messungen zu Uran-Zerfallsprodukten an Sedimenten im Umfeld von
Anlagen des ehemaligen sidchsisch-thiiringischen Uranbergbaus im Raum Zwickau. 18. ICP-MS-Anwender-
treffen Bundesanstalt fiir Materialpriifung Berlin.

WHO (2005) Uranium in Drinking Water. http://www.who.int/water_sanitation_health/

Wolkersdorfer Ch, Younger, PL (2002) Passive Grubenwasserreinigung als Alternative zu aktiven Systemen. —
Grundwasser, 7 (2): 67-77, 7 Abb., 2 Tab.; Heidelberg.

Younger PL (2000) The Adoption and Adaptation of Passive Treatment Technologies for Mine Waters in the
United Kingdom. — Mine Water Env., 19: 84-97.



