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INTERMEZZO II 
Effects of former sulphur deposition and other 
sulphate loads  
 
Beije, H., D. Bal & N.A.C. Smits (A.J.P Smolders & R. Kemmers) 
 
 
 
I I-1 INTRODUCTION 
 
Although the atmospheric sulphur deposition (SO2) is now much less than before, remnants can 
still be present or flow in the soils of the following systems: 
• Stagnant waters (fens) and moors. In such systems, the former sulphur deposition has had 

difficulties to leach or to be rinsed away. In the anaerobic environment sulphate often acts as 
an alternative electron acceptor for anaerobic decomposition of organic material. In case of 
availability of sufficient iron FeSx, including pyrite (FeS2), will be formed. The amount of 
pyrite that can be generated in this way in stagnant waters and fens is a maximum of 9 
grams FeS2 per litre of soil (Delft et al 2005) 

• Aquatic and terrestrial environments under the influence of (local) seepage. In these seepage 
areas (at low flow) pyrite remnants can also be present, as described above. On the other 
hand these areas can also be fed from higher grounds with groundwater containing 
unnatural amounts of sulphate that emanate totally or partially from former sulphur 
deposition.  Groundwater that is burdened with sulphate can exist for decades and can affect 
the quality of seepage water during that period of time. Especially in forest areas much 
sulphur deposition is captured and ends up in the groundwater. This is why high sulphur 
concentrations can still be found in groundwater (up to 500 mg / l; Jansen 1989). Once 
arrived through seepage in a wetland site, this sulphate reacts with organic matter and 
creates iron sulphides (FeS and FeS2). In systems that are fed by locally infiltrating 
groundwater, atmospheric sulphate has caused a substantial burden. Nowadays this burden 
has considerably decreased. The origin of sulphides present in the shallow soil and sulphate 
in the groundwater is usually not detectable with certainty (Delft et al 2005). Stock higher 
than 9 grams FeS2 per liter soil almost always involves sulphate supply through groundwater, 
in addition to any remnants of former supply from the air.   

 
In dry terrestrial environments that are not under the influence of seepage, there are generally no 
longer concentrations of sulphur compounds present from previous deposition. The acidifying 
effects can still be present, since restoring the pH by natural processes (weathering of minerals 
and deposition of alkaline substances) can be very slow. 
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I I-2 PROCESSES IN SUPPLY OF SULPHATE OR PRESENCE OF PYRITE 
 
Supply of sulphate by groundwater can generate the following situations in anaerobic processes, 
both in waterbeds and in terrestrial seepage environments: 
• Anaerobic decomposition of organic matter which releases a.o. nitrogen. In this process, 

sulphate acts as an alternative electron acceptor and reducing conditions arise. These 
conditions are associated with acid consumption thereby raising the pH. Microbial activity is 
stimulated in naturally weakly buffered systems, so that the (net) N-(but also P) mineralisation 
increases further (Smolders et al 2006b) 

• Iron sulphide (FeS) and pyrite (FeS2) are formed in the presence of iron (hydr)oxide by the 
reaction of the released sulphide during sulphate reduction of the iron (hydr)oxides. This may 
release phosphate that was previously bound to iron oxides. Especially in relatively iron-rich 
systems, where much iron-bound phosphorus occurs, the P-mobilisation by pyrite formation 
can be significant. In very iron-rich systems, the risk is less, because there is a large excess of 
iron (hydr)oxide present in order to be able to bind phosphate. This is mainly due to the large 
amounts of fossil iron oxides that in the course of time may be accumulated in the soil 
through seepage. The current supply of reduced iron with the seepage water is less influxant 
(med. R. Kemmers, Alterra). 

• Formation of (toxic) sulphide (H2S or S2-), if all iron is depleted (captured) by formation of 
pyrite. This is usually only the case in systems that are poor in iron. 

• Inhibition of methane formation in peat soils. This is only the case with floating vegetation and 
floating fens, whose buoyancy depends on sufficient gas bubbles with methane.  

 
The first two mentioned processes ensure fertilization, both processes also have as a nice side 
effect acid consuming processes that contribute to maintaining higher pH values in the soil; it 
may well be that many dewatered areas are thus far less acidic than would have been the case 
without the presence of sulphate (med. R. Kemmers, Alterra). On the other hand accumulated 
pyrite can oxidate here, which still leads to acidification (med. F. Smolders, B-ware). The third 
process causes the poisoning of many aquatic and marsh plants. Acidic regions are, in general, 
very sensitive to these processes, since there is little iron present in the soil to capture phosphate 
and to counter formation of toxic sulphide. The increase in pH as a result of sulphate reduction 
here actually leads to decomposition and N-mineralization. Also, buffered systems can be 
sensitive (Smolders et al 2006b). The increase of the pH does therefore not play as great a role, 
but the increase in sulphate as an alternative electron acceptor and the interaction of sulphide 
with the iron(hydr)oxides do. This can accelerate the degradation in anaerobic soils significantly, 
causing very serious eutrophication (Lucassen et al 2000; Smolders et al 2003). 
 
Seepage areas may be less sensitive to supply of sulphate, but only if there is a high enough 
supply of iron. It is unlikely that calcium plays an influxant role in the binding of phosphate at pH 
values of <7. In the presence of calcium it is also still a question whether binding of P to 
limestone indeed occurs. There are indications that in these alkaline environments phosphate is 
mainly immobilised by microorganisms through the forming of polyphosphates (med. R. 
Kemmers, Alterra). 
 
Presence of pyrite itself does not have to be a problem for nature value. However in soils rich in 
pyrite, with (much) more sulphur-bound iron than non sulphur-bound iron, the availability of 
phosphorus is very high with risk of eutrophication. This is because the binding of phosphorus to 
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pyrite is limited, leaving little phosphorus immobilized. The presence of pyrite does have effects 
when it oxidizes under aerobic conditions.  
 
It could concern different processes with various effects  
• Oxidation of pyrite (and iron sulphide) leads to the release of sulphate and the formation of 

iron (hydr)oxides. In rotational humid environments with periodic draining of rainwater 
sulphate can disappear out of the system, while the iron is again better able to bind 
phosphate. This reduces phosphate availability and thus leads to food deprivation (which 
provides a counterbalance to the fertilizing effect of nitrogen; see Smolders et al 2003) 

• The oxidation of pyrite also causes the acidification of weakly buffered environments. The 
chances are greatest in desiccation of banks, but can also occur for example underwater 
when shoreweed spreads over the mud layer. This species carries oxygen through its roots to 
the sediment layer (med. F. Smolders, B-ware). There is no risk of acidification in places with 
sufficiently high base saturation by seepage of bases and iron-rich groundwater. In general it 
can be said that no acidification occurs when the S / (Ca + Mg) ratio (mol / mol) of the soil  
is lower than 0.66 (Smolders et al 2006b) 

• The above-mentioned acidification in soils with little organic matter can also easily lead to 
high concentrations of heavy metals (particularly aluminum), which are toxic to plants and 
animals. 

• The positive side of the above pyrite oxidation is that the nitrate content of groundwater 
declines. The benefits, however, are still limited, partly because nitrogen limitation in many 
places is currently not feasible due to high levels of nitrogen deposition. Furthermore nitrate 
works buffering on the sulphate and iron reduction, by which iron remains in an oxidized 
state in the soil and is better able to bind phosphate. Some of the most beautiful Alder 
Forests in North and Central Limburg are currently even the forests where much nitrate 
enters through the seepage water and phosphate availability therefore remains low (Smolders 
et al 2006a). 

 
In summary, it can be said that the presence of sulphur compounds generates opposing 
processes during wet and dry periods. In wet periods and during waterlogging the buffer capacity 
rises in general, and phosphate is released while heavy metals are immobilised. In dry periods 
and periods of drought risk both acidification and heavy metal poisoning can occur, but on the 
other hand phosphate can also be fixed, reducing the chance of eutrophication. The extent to 
which these processes occur is not only dependent on moisture condition but also, among other 
things, the buffer capacity and the organic matter content of the soil. 
 
 
 
I I-3 OTHER CAUSES OF SULPHATE-RICH GROUNDWATER 
 
Other (than former sulphur deposition) causes of sulphate-rich groundwater can be: 
• Natural burdening. Accumulation of sulphate can be generated by aerobic (not burdened with 

nitrate) regional seepage systems over a period of 500-1000 years due to pyrite oxidation by 
oxygen. This plays a role mainly in the Holocene part of Netherlands (Delft et al. 2005) 

• Depletion of shallow, pyrite rich deposits. It has been suggested, for example, that in the 
Bruuk (at Groesbeek) organic clay layers near the surface are probably very rich in pyrite, from 
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which sulphate may occur through depletion and by influx of nitrate-rich groundwater 
(Smolders et al. 2009)  

• Large amounts of nitrate leaching from agricultural land (by fertilization) and from forests 
(through increased capture of ammonium and ammonia oxidized to nitrate in the forest floor). 
This nitrate in the subsurface ensures the oxidation of pyrite, and other iron sulphides that 
may be present in large quantities, particularly in marine deposits. During this oxidation 
process sulphate is released, increasingly greatly the sulphate concentration of the 
groundwater (Smolders et al. 2006b). The impact this may have on nature in seepage areas 
has already been described above. Other adverse effects of the reaction between pyrite and 
nitrate are that calcium disappears and iron precipitates in insoluble form, so that these 
substances are less available for buffering of the pH and the availability of phosphate (Hoeks 
1987). The groundwater, however, will not only be richer in sulphate, but also richer in Ca and 
Mg. Outgoing sulphate and calcium-rich groundwater can serve as a buffer, because sulphate 
reduction may result in the production of bicarbonate. In some environments (alkaline 
marshes) supersaturation of CaCO3 can appear, by which precipitation and co-precipitation of 
phosphorus takes place. In this case despite the sulphate burden the P availability can decline 
(Circle & Van Beek 2012). 

• Supply of sulphate by surface water. In many nature sites, especially in the lower parts of the 
Netherlands water shortages in summer are complemented by the intake of sulphate-rich 
surface water. Other areas such as brook and river valleys and drainage areas in polders are or 
were periodically flooded with surface water that has become sulphate-rich today. In fens 
oxidation of anaerobic sulphur-rich peat can result in significant burdening of surface waters 
with sulphate. Here the peat present is a local source of sulphate. 

 
 
 
I I-4 CONCLUSIONS 
 
In the soil and / or groundwater of nature sites sulphur compounds may occur in the form of: 
• Sulphate compounds (mobile) 
• Sulphide compounds with mainly iron. These are formed secondarily from sulphate and are 

partly immobile (pyrite) and partly mobile (other sulphides). 
 
The origin of sulphate and sulphides may have to do with: 
• Accumulated sulphur from historic sulphur deposition, that has been deposited on that spot 

or is transported from elsewhere via the groundwater. This occurs in stagnant waters (lakes) 
and in situations with local seepage 

• Influx of sulphate released from the pyrite surface after oxidation under the influence of 
nitrate leaching under forests and farmland. This occurs also in many situations with local 
seepage  

• Influx of sulphate by surface water (especially in the Holocene part of the Netherlands, but can 
also be of importance elsewhere) 

• Oxidation of sulphur-rich peat (especially in the western part of the Netherlands) 
• Influx of natural sulphate concentrations in groundwater (almost only in the Holocene part of 

the Netherlands). 
 



Deel I - versie november 2012 -  
 

100 

The presence of sulphur compounds in nature sites can lead to the following negative effects, 
depending on the local conditions: 
 
Eutrophication by N- and P-mobilisation via sulphate reduction and decomposition 
of organic matter 
This process occurs in situations where the following conditions are present simultaneously:   
• anaerobic, wet soil (both submerged soils and terrestrial seepage environment) 
• organic material present  
• sulphate-rich groundwater. 
This process mainly takes place in acidic ecosystems with a sulphate load. 
 
Eutrophication by P-mobilisation through the formation of iron sulphides 
This process takes place in addition to the previous process, but only in iron-rich systems with 
many bound iron phosphate. This is especially the case in some brook valleys. In systems with 
large fossil iron oxides P-mobilisation is less of an issue. 
 
Sulphide toxicity  
This process also takes place in addition to the process that is mentioned in 1, but (in contrast to 
the process in 2) just in iron-depleted conditions. These are mainly fens. 
 
Sinking of small drifting islands (so-called  drijftil) due to insufficient formation of 
methane 
This process can occur in anaerobic situations due to sulphate reduction and decomposition of 
organic matter, but is only relevant in systems with a peat soil and small drifting islands (drijftil), 
so in raised bogs and quaking bogs. 
  
Acidification by pyrite oxidation 
This process can occur in pyrite containing, weakly buffered soils, but - in contrast to the 
previous processes - only occurs under aerobic conditions. In some situations, the presence of 
sulphur in the form of pyrite, however, also provides an opportunity to combat eutrophication. 
This might occur in environments that vary between very wet and very dry conditions, with 
periodic drainage of rainwater. By setting a moisture regime in which pyrite (and iron sulphide in 
the summer oxidizes, iron is released that is able to bind (immobile) phosphate, while the 
evolved, more mobile sulphate can rinse out. This positive effect therefore consists of P 
immobilisation by pyrite oxidation. This process may be associated with the previously mentioned 
process of acidification, but not in locations with a sufficiently high base saturation. 
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I I-5 HABITAT TYPES AND HABITATS WHERE SULPHUR LOADS PLAY A ROLE  
 
Table II-1 indicates the habitat types in which sulphur loads influence nature quality. Table II-2  
shows in which habitats sulphur loads play a role, and refers to similar habitat types for the 
influence of sulphur loads where possible. In addition, habitat types may still suffer from the 
effects of acidification by sulphur deposition in the past, but whose physical remains are now 
gone. These are not included in the tables. In addition to the habitat types mentioned, the burden 
with sulphur is (no longer) relevant in dune heathlands with crowberry (moist, 2140A), Moist 
heathlands (low peat H4010B), Riverine Grasslands (H6120; inundation is infrequent), Zinc 
Meadows (H6130; Inundation is too occasional for a clear influence of sulphate. However, regular 
flooding with pyrite rich, metal rich sludge is needed to maintain the system), False oat 
haymeadows and foxtail hayfields (6510AB system in position; too little import through 
inundation and less sensitive to eutrophication). 
 
Table II-1. Habitat types where sulphur loads influence the quality of nature. 
 Habitat type Origin sulphur & 

sulphides 
Possible effects Remarks 

H2170 Creepy willow 
thickets 
 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition  

N-mobilisation by 
sulphate reduction 
and breakdown of 
organic matter, P-
mobilisation by 
forming of iron 
sulphides; sulphide 
toxicity in iron-poor 
systems. 

Less in iron-
rich situations 

H2180B Wooded dunes, 
wet 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition 

N-mobilisation by 
sulphate reduction 
and breakdown of 
organic matter, P-
mobilisation by 
forming of iron 
sulphides; sulphide 
toxicity in iron-poor 
systems 

Less in iron- 
rich situations 

H2190A Humid dune 
slacks, open 
water 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition 

P-mobilisation by 
formation of iron-
sulphides; sulphide 
toxicity in iron-poor 
systems;  
N-mobilisation by 
reduction of sulphate 
and decomposition of 
organic matter 

Only in relative 
nutrient-poor 
situations 

H2190B Humid dune 
slacks, lime-rich 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 

Sulphide toxicity Relatively 
insensitive for 
fertilizing 



Deel I - versie november 2012 -  
 

102 

 Habitat type Origin sulphur & 
sulphides 

Possible effects Remarks 

and / or accumulated 
sulphur from historic 
deposition 

effects 

H2190C Humid dune 
slacks, 
decalcified 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition 

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition; P-
mobilisation iron 
sulphides by 
formation; sulphide 
toxicity in iron poor 
systems 

Less in iron 
rich situations 

H3110 Oligotrophic 
waters 
containing very 
few minerals of 
sandy plains 
 

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition 

 

  

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition 

P-mobilization by 
formation iron-
sulphides; Sulphide 
toxicity? 

Less in iron 
rich situations 

   Acidification by pyrite 
oxidation 

Oxidation of 
organic S 
compounds in 
case of 
desiccation or 
by extension 
of shoreweed  

H3130 Oligotrophic to 
mesotrophic 
peat bogs 
 

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition? P-
mobilisation by 
forming iron- 
sulphides? 

 

  

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition; inflow of 
sulphate via surface water 

Sulphide toxicity In iron poor 
situations 

   Acidification by pyrite 
oxidation 

Oxidation of 
organic S 
compounds in 
case of 
desiccation or 
by extension 
of shoreweed 
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 Habitat type Origin sulphur & 
sulphides 

Possible effects Remarks 

H3140 Hard oligo-
mesotrophic 
waters with 
benthic 
vegetation of 
Chara spp. 
 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition; via surface 
water 

N-mobilisation by 
sulphate reduction; P-
mobilisation by 
forming iron- 
sulphides; sulphide 
toxicity 

On higher 
sandy soils 
and in fen; 
particular in 
iron poor 
situations 

H3150 Lakes with 
crab’s claw and 
Potamogeton 
 

Via groundwater after 
oxidation of pyrite by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historic 
deposition; via surface 
water 

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition; P-
mobilisation by 
forming iron- 
sulphides; sulphide 
toxicity 

Particular in 
fen areas 

H3160 Acid fens Accumulated sulphur from 
historical deposition 

Acidification by pyrite 
oxidation 

In case of 
desiccation, 
but in acidic 
mires less 
important  

H4010A Humid 
heathland, 
elevated sandy 
soils 
 

  

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; (applies 
potential also for mires.  
Here often inflow of 
groundwater) 

Acidification by pyrite 
oxidation; Sulphide 
toxicity 

In drought 

H6410 Nutrient-poor 
grassland with 
carnation sedge 
 

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; via surface 
water  

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition? P-
mobilisation by 
forming iron- 
sulphides; sulphide 
toxicity 

Less in iron 
rich situations 

H7110A Active raised 
bogs, high 
raised bogs 

Accumulated sulphur from 
historical deposition 

Acidification by pyrite 
oxidation 

In case of 
desiccation, 
but effects of 
drought in 
itself is likely 
more worse 

   Sulphide toxicity; 
sinking of floating 

In case of 
runoff of S to 



Deel I - versie november 2012 -  
 

104 

 Habitat type Origin sulphur & 
sulphides 

Possible effects Remarks 

vegetation by 
insufficient formation 
of methane 

lower area with 
floating 
vegetation 

H7110B Accumulated sulphur from 
historical deposition 

Acidification by pyrite 
oxidation 

In drought 

 

Active raised 
bogs, small 
heathland moors  Sulphide toxicity; 

sinking of floating 
vegetation by 
insufficient formation 
of methane 

 

H7120 Recovering 
raised bogs 

P-mobilisation by 
formation of iron 
sulphides 

Less important 

  Sulphide toxicity; 
sinking of floating 
vegetation by 
insufficient formation 
of methane 

In case of 
runoff of S to 
lower area with 
floating 
vegetation 

  

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; (applies 
potential also for mires.  
Here often inflow of 
groundwater)  ) Acidification by 

oxidation of pyrite  
In drought 

H7140A Transitional and 
quaking bogs, 
quaking bogs 

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; via surface 
water 

P-mobilisation by 
formation of iron 
sulphides; sulphide 
toxicity; sinking of 
floating vegetation by 
insufficient formation 
of methane 

 

H7140B Transitional and 
quaking bogs, 
sphagnum 
reedbeds 

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulpher from historical 
deposition; via surface 
water 

P-mobilisation by 
formation of iron 
sulphides; Sulphide 
toxicity 

 

Acidification by pyrite 
oxidation 

In drought H7150 Pioneer 
vegetations with 
white beak-
sedge 
 

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition (applies 
potential also for mires.  
Here often inflow of 
groundwater)    

Sulphide toxicity; 
sinking floating 
vegetation by 
insufficient methane 
formation 

In case of 
runoff of S to 
lower area with 
floating 
vegetation 

H7210 Cladium 
mariscus 

Via groundwater after 
pyrite oxidation by 

P-mobilisation by 
formation of iron 

Less in iron 
rich situations 
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 Habitat type Origin sulphur & 
sulphides 

Possible effects Remarks 

marshes 
 

drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; through 
surface water 

sulphides 

H7220 * Petrifying 
springs with tufa 
formation 
 

Via groundwater after 
pyrite oxidation by nitrate 
leaching and / or 
accumulated sulphur from 
historical deposition  

P-mobilisation by 
formation of iron 
sulphides 

Possibly very 
local where 
organic matter 
accumulates. 
Appears not to 
occur in 
Bunderbos 
(Smolders, B-
ware) in any 
case less 
important   

H7230 Calcium-rich 
springwater-fed 
fens 
 

Via groundwater after 
pyrite oxidation by 
drought, nitrate leaching 
and / or accumulated 
sulphur from historical 
deposition; through 
surface water 

N-mobilisation by 
sulphate reduction 
and organic matter 
decomposition? P-
mobilisation of by 
forming iron 
sulphides; sulphide 
toxicity   

 

H9160A Oak-hornbeam 
forests, higher 
arenaceous soils 

Via groundwater after 
pyrite oxidation by nitrate 
leaching and / or 
accumulated sulphur from 
historical deposition   

P-mobilisation by 
formation of iron 
sulphides  
 

Only in brook 
valleys, less in 
iron rich 
situations. 

H91D0 Bog woodland 
 

Accumulated sulphur from 
historic deposition 

Acidification by pyrite 
oxidation 

In drought 

H91E0B Humid alluvial 
forests, ash-elm 
forests 

Via groundwater after 
pyrite oxidation by nitrate 
leaching and / or 
accumulated sulphur from 
historical deposition 

P-mobilisation by 
formation of iron 
sulphides, N-
mobilisation by 
sulphate reduction 
and decomposition of 
organic matter?  

Less in iron 
rich situations 

H91E0C P-mobilisation by 
formation of iron 
sulphides; sulphide 
toxicity 

Less in iron 
rich situations 

 

Humid alluvial 
forests, riparian 
forests 

Via groundwater after 
pyrite oxidation by nitrate 
leaching and / or 
accumulated sulphur from 
historical deposition; 
through surface water   

N-mobilisation by 
sulphate reduction 
and decomposition of 
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 Habitat type Origin sulphur & 
sulphides 

Possible effects Remarks 

  organic matter  
 
 
Table II-2. Habitats where sulphur loads impact on the quality of nature. 
 
Habitat Habitat type 
1. Permanent spring & slow-flowing upper course n.a. 
2. Isolated meander and peat trench See 3150 
3. Poorly buffered ditch n.a. 
4. Acid fen See 3160 
5. Large-sedge swamps n.a. 
6. Marsh-marigold meadow of stream valleys  See 6410 
7. Marsh-marigold meadow of turf and clay  n.a. 
8. Wet, moderately nutrient-rich grassland n.a. 
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