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Microbial sulfate reduction in Arctic catchments

Mitigating effects from both long-term acid mine drainage
and climate change?
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Background Method Findings
Service 1: Bioremediation tool for wastewater

Microbial sulfate reduction (MSR):

Transform sulfate into sulfide through the The produced sulfide reacts with

consumption of organic matter: dissolved metal ions and form
metal sulfide precipitates:
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Service 2: Suppressing methane emissions

Sulfate-reducing microbes can outcompete
methane-producing microbes

— CAFF Boundary
Wetlands Kdresdotter et al. 2021

30% of global CH,
emissions comes
H from natural
wetlands

Most of these
wetlands are located
in northern latitudes

Schimel 2004
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Challenge: microbial processes at landscape-scale?
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What are the dominant processes behind spatio-
= temporal variability in MSR within and across
catchments?



Background Method Findings

Method: using sulfur isotopes in stream water

Sulfate-reducing microbes preferentially consumes 325,
which leaves the remaining sulfate enriched in #S:

Sulfate-reducing
microbes
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Catchment-scale microbial sulfate reduction (MSR) of acid mine drainage
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Nature-bazed zsolution

Laboratory experiments and point observations, for instance in wetdands, have shown evidence that microbial
sulfate reduction (MSR) can lower sulfate and toxic metal concentrations in acid mine drainage (AMD]. We here
hypothesize that M5R can impact the fate of AMD in entire catchments. To test thiz, we developed a sulfur
izotope fractionation and masz-balance method, and applied it at multiple locations in the catchment of an
abandoned copper mine (Nautanen, northern Sweden). Results showed that MSR caused considerable,
catchment-zeale immobilization of sulfur corresponding to a retention of 27 + 15% under unfrozen condidons in
the summer season, with local values ranging bemween 13 = 108 and 53 += 15%. Prezent evidence of extensive
MSR in Nautanen, together with previous evidence of local MSE ocourring under many different conditions,
suggest that feld-seale MIR iz moet likely important alzo at other AMD zites, where retention of AMD may be
enhaneed through namre-based zolutions. More generally, the developed isotope fractionation analyziz scheme
provides a reladvely simple tool for quantification of spatio-tempaoral trends in MER, answering to the emerging
meed of pollution control from cumulative anthropogenic pressures in the landscape, where strategies taking
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advantage of MSR can provide viable options.

1. Introduction

Unmonitored sulfide mine waste carries the rzk of century-long,
adverse snvironmental =ffects due to acid mine drainage (AMD; Dou-
mas ct a 018). The formation of AMD invelves oxidation of sulfide
minerals, which results in decreasing pH and release of sulfate and metal
ions (Mordstrom et al., 201 5). Severe impacts of AMD have been widely
documented in the world's mining regions (Barry et al., 2000; Olias
et al., 2006). This includes pollution from remotely located historical
mines in the Arctic region (Fischer et al, 2020), which iz also under
pressure from a faster pace of climate change than the world average
(Schindler and Smol, 2006).

A process that can limit impacts of AMD 15 microbial (dissimilatory)
sulfate reduction (MSR), which occurs in anoxic environments where
organic material 1z available for metabolic degradation, «.3., in wet-
lands, streambed sediments and aquifers (Enoller ot al., 2008; Eammel
et al, 2015; Webb et al, 1998). The microbes (archaea and bacteria)
convert sulfate into sulfide (H35) which in tum reacts with and imme-
bilizes disselved (toxic) metals by precipitation into less bicavailable

forms (Muyzer and Stams, 2008). Laboratory experiments reproducing
conditions in constructed wetlands have demonstrated that MSRE
potentially can be an important bioremediation technique of AMD (alza)
in surface waters by chowing a metal removal of >95% compared to
imfial conditions despite prevailing low pH that frequently are harmful
to microbes (Jong and Parry, 2003; ¥u and Chen, 2020). Similarly, an
AMD-impacted wetland in Northern Wales, UK, chowed pH-values be-
tween 3 and 6 while metal coneentrations were still redueed by between
373 and 64%, partly due to MSR (Dean ot al., 2013).

Sulfur isotopes reported as ﬁmsmq-w]u:s have previously been uzed
to estimate the reduchon of sulfate concentration due to MSR in
different types of surface waters, . g, in a wetland (Mandern
2000), and in a nver stretch (¥ia et al, 2017). However, faverable
conditions for MSR occurring simultancously in multiple water systems
throughout a hydrological catchment, for example in connectad
groundwater — wetland /lake — stream systems (and thus representing an
overall or eatchment-seale potential MSR) has not been quantified
before. It iz therefore unclear to which degres the MSR found on local
scales can represent the entire swrounding catchment — the key

ketal,




Findings

Results: local to catchment-scale microbial sulfate reduction

Microbial sulfate reduction (MSR)
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Findings

Results: catchment to landscape-scale? | e 203 s T
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