
ORIGINAL ARTICLE

Influence of litter decomposition on iron and manganese
in the sediments of wetlands for acid mine drainage treatments

Xiuyue Xu1
• Yonggui Wu1,2,3

• Yiling Rao1,3
• Tianling Fu4

• Xingyu Wu1

Received: 13 April 2018 / Revised: 6 August 2018 / Accepted: 18 September 2018 / Published online: 15 October 2018

� Science Press, Institute of Geochemistry, CAS and Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract Plant litter will influence the bioavailability of

heavy metals in sediments of wetlands used to treat acid

mine drainage. To investigate the effect of plant litter on

sediments in wetlands and define the comprehensive and

continuous role of plant litter, different mass ratios (0%,

5%, 20%) of litter were added into the sediments to study

the influence of litter decomposition on the overlying water

and sediments. The changes in pH, EC, Eh, Fe, and Mn of

the overlying water and the organic matter in the sediments

and the forms of Fe and Mn after 1, 7, 14, 21, and 28 days

of litter decomposition were studied. The results indicated

that litter decomposition increased the pH, EC, and reduced

Eh of the overlying water. Litter decomposition promoted

the release of Fe and Mn from the sediments into the

overlying water and with the continuous decomposition of

litter, the concentration of Fe and Mn in the overlying

water declined. Litter decomposition increased the content

of the organic matter in the sediment, and the forms of Fe

and Mn indicated that litter decomposition could signifi-

cantly affect the transformation of the forms of Fe and Mn.

Reducible Fe was the main form in the sediments. Litter

decomposition promoted the transformation of reducible

Fe, the main form found in the sediments, into

exchangeable and oxidizable Fe, but had no effect on

residual form. Exchangeable Mn was the main form in the

sediments, and litter decomposition accelerated the trans-

formation of reducible Mn, most commonly found in the

sediments, into oxidizable Mn and had little influence on

the exchangeable and residual forms.

Keywords AMD � Sediments � Litter decomposition �
Forms of Fe and Mn

1 Introduction

Acid mine drainage (AMD) is a serious environmental

issue. It is produced when sulfide minerals which are ini-

tially under anoxic conditions are exposed to oxygen and

water during mining activities (Akcil and Koldas 2006). In

recent years, frequent pollution incidents involving AMD

have occurred, and the environment around mining areas

has been deteriorated (Mlayah et al. 2009). Currently,

several methods, such as the addition of limestone and

sodium hydroxide or other alkaline substances, have been

used to treat AMD by increasing its pH and reducing its

metal concentrations (Madzivire et al. 2010). The typical

adverse impacts by AMD are low pH, high concentrations

of metals, such as iron, manganese, and zinc in soils

(Brantner and Senko 2014; De et al. 2010) and contami-

nation of water quality. Every year, 1.5 billion tons of

AMD, which accounts for about 30% of nonferrous metal

industrial wastewater, is discharged directly into the envi-

ronment in China (Luo and Xie 2006). To combat these

effects, creating constructed wetlands can remediate AMD

by oxidation, precipitation, plant metal uptake, and

adsorption of organic matter (Johnson and Hallberg 2005;

Salem et al. 2014). Fe and Mn can form insoluble
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compounds through hydrolysis and/or oxidation that occur

in wetlands and lead to the formation of a variety of oxides

and hydroxides into sediments (Karathanasis and Thomp-

son 1995; Batty et al. 2002; Woulds and Ngwenya 2004).

Studies have indicated that other heavy metals such as Cd

and Cu could be adsorbed on Fe and Mn oxide (Turner and

Olsen 2000; Huang et al. 2014), but when oxidation–re-

duction potential (Eh) decreases or other conditions

change, Fe and Mn oxide can be reduced and dissolved,

and other heavy metals adsorbed on Fe and Mn oxide can

be released into the overlying water and affect the

physicochemical properties of the overlying water and the

bioavailability of other heavy metals (Zhang et al. 2014;

Javed et al. 2013). Therefore, the stability of Fe and Mn in

wetland sediments is very important.

Wetland plants that can tolerate a low pH and high

concentrations of metals, such as cattail and bamboo, are

used in constructed wetlands to remediate AMD (Collins

et al. 2005; Nyquist and Greger 2009; Williams et al. 2000;

Vardanyan and Ingole 2006; Subrahmanyam et al. 2017).

Because of seasonal changes, a large amount of plant litter

are produced, which raise the question: can the decompo-

sition of plants in constructed wetlands have a positive

effect on the activity and stability of Fe and Mn in the

sediments? Whether products of litter decomposition can

complex Fe, Mn in sediments and affect the bioavailability

of Fe, Mn in sediments remains to be proved. What effect

and function does litter decomposition have in con-

structed wetlands? To date, the accumulation of Fe and Mn

in wetland plants is better understood (Williams et al.

2000; Vardanyan and Ingole 2006; Karathanasis and

Johnson 2003), but the effect of litter decomposition on Fe

and Mn in the sediments is rarely studied, especially in

terms of the forms change in Fe and Mn of sediments.

Plant litter can produce different substances during differ-

ent decay times (Dai et al. 2004). Previous studies have

focused on the effect of a single type of organic matter by

a particular extraction method from litter decomposition on

the bioavailability of heavy metals (Zhou and Thompson

1999; Zhang and Ke 2004), and more studies on the pro-

cess of litter decomposition in relation to heavy metals in

sediments are needed. This study focuses on sediments in

constructed wetlands, investigating the characteristics and

change rules of Fe and Mn in the overlying water and

sediments. The aim of this paper was to evaluate the sta-

bility and the possible environmental risks of sediments in

constructed wetlands treating AMD, which can serve as an

information background for scientific management and

utilization of sediments and plants in constructed wetlands.

2 Materials and methods

2.1 Sediments and plant litter

In this study, sediments were sampled in the con-

structed wetland that has successfully been used to treat

AMD from abandoned mines in Chafan Village, Zhuchang

Town, Guanshanhu District, Guiyang City (Fig. 1). This

system purifies AMD through the coupling of plants and

microorganisms. Accompanying the purification of AMD,

a large amount of reddish-brown sediments has been

formed in the constructed wetland. For this study, sedi-

ments were collected from the wetland and were naturally

dried inside the containers. Then, the sediments were

ground to pass a 100 mesh. The physical and chemical

characteristics of the sediments were pH 6.46, EC

2180 ls cm-1, Eh 208 mV, Fe 92 mg g-1, Mn 14 mg g-1,

and the organic matter 25.2 mg g-1. The plant litter of the

experiment is Equisetum ramosissinum which is a vascular

plant growing in the constructed wetland. After gently

washing and drying of the plant in a drying oven at 65 �C,

plant litter was ground to pass a 40 mesh as the experiment

materials. The contents of total nitrogen, total phosphorus,

Fe and Mn in the plant litter were 0.83%, 0.07%,

2.6 mg g-1 and 0.02 mg g-1, respectively.

2.2 Experimental design

Ten grams of the sediments was transferred into experi-

ment cups, in which plant litter was added with the mass

ratios of 0%, 5% and 20% and denoted as CK, D1 and D2,

respectively. A total of 5 batches assigned different time

intervals were set up for the trial, and each treatment was

set up with 3 parallels. Before the experiment began,

10 mL of deionizer water was added into each experiment

cup to activate microbial activity within the sediment

samples. For the formal experiment, 30 mL of deionized

water was added into each cup and three cups were used for

experimental analysis in each treatment at different time

periods. The overlying water was poured out from each cup

and measured pH, EC, Eh, Fe and Mn at days 1, 7, 14, 21

and 28. The sediments were dried and screened through a

100 mesh to remove litter that had not decomposed. The

dried sediments were taken and analyzed to determine the

organic matter and the various forms of Fe and Mn in the

sediments.

2.3 Analytical method

The pH was measured using a pH meter (PHSJ-3F type,

Shanghai REX), and a conductivity meter (DDS11A type,

Shanghai Raytheon) and Eh meter (ORP-422 type,
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Shanghai SHKY) were used on the same day. The over-

lying water was filtered through a 0.45-lm microporous

membrane, and 10% HNO3 was added to make the solution

pH \ 2 before using AAS (WFX-110, Beijing Rayleigh)

for the determination of Fe and Mn. Potassium dichromate

volumetric method-external heating method was applied

for measuring the organic matter in the sediments (Ji

2005). After freeze-drying, 1 g of the sediments was

weighed for speciation analysis of Fe and Mn using a

modified BCR continuous extraction method (Rauret et al.

1999), and the corresponding forms of Fe and Mn were

exchangeable, reducible, oxidizable and residual.

2.4 Statistical analyses

Repeated ANOVA analysis was applied to specify any

significant differences in pH, EC, Eh, Fe and Mn of the

overlying water and the organic matter in the sediments.

Multiple comparisons were performed using the LSD

method to compare the effects of plant litter mass on Fe

and Mn in the overlying water and sediments. Pearson’s

correlation was used to analyse the relationship between

Fe, Mn forms and pH, EC, Eh of the overlying water and

the organic matter in the sediments.

3 Results

3.1 Influence of litter decomposition on the pH, EC,

and Eh of the overlying water

In comparison with that in the CK group, litter decompo-

sition affected the pH of the overlying water. As shown in

Fig. 2a, the pH was slightly lower in the treatment groups

than in the CK group at 1 day (6.41, 6.27 and 6.24 for CK,

D1 and D2, respectively). With the continuous decompo-

sition of litter, the pH increased in all groups and reached

the highest levels of 6.67 (CK), 6.88 (D1) and 7.58 (D2) at

21 days, and pH values in the D2 group were significantly

higher than the D1 and CK groups. The variation in the pH

of the CK group was insignificant from 21 to 28 days but

pH decreased in the treatment groups. However, repeated

ANOVA analysis showed that with the continuous

decomposition of litter, pH of the overlying water in dif-

ferent treatments varied significantly (p \ 0.01). Multiple

results indicated that there was a very significant difference

among CK, D1 and D2 (p \ 0.01), and that the variation of

pH in the overlying water was closely related to the amount

of plant litter.

The effect of litter decomposition on the EC of the

overlying water was shown in Fig. 2b. The EC of the

overlying water in all groups increased sharply from 1 to

14 days, and the D2 group had a range of increase signif-

icantly larger than the D1 and CK groups. As shown in

Fig. 2b, the increase in the EC of the D2 group was
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Chafan Village

Jinzhong Village

Gaozai Village
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Tubazi Village

Baiyun District

Guangshanhu District

Qingzhen City

Yunyan District

Nanming District

Huaxi District

Xiaohe District

Wudang District

1000m

Village

Sampling sites

Zhuchang Town
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Fig. 1 Location of sampling

site in Chafan Village,

Zhuchang Town
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1098 ls cm-1 at 1 day and 1347 ls cm-1 at 14 days and

the EC changes in all treatment groups were not obvious

from 14 to 21 days. From 21 to 28 days, the EC dropped to

794 ls cm-1 for the D2 group. Repeated ANOVA analysis

indicated that EC was significantly different in different

treatments (p \ 0.05). Multiple results indicated that there

was a very significant difference between CK and D2

(p \ 0.01), but there was no difference between CK and

D1 (p [ 0.05).

The effect of litter decomposition on the Eh of the

overlying water was shown in Fig. 2c. Litter decomposi-

tion significantly reduced the Eh of the overlying water.

The Eh in the CK group showed a gradual decrease from

- 138 mV (1 day) to - 167 mV (28 days) In the D1 and

D2 groups, Eh reduced to below - 200 mV at 1 day, and

with the continuous decomposition of litter, Eh in the D1

and D2 groups gradually decreased. Repeated ANOVA

analysis showed that with the continuous decomposition of

litter, EC of the overlying water in different treatments

showed significant differences (p \ 0.01). Multiple results

indicated that there was a very significant difference among

CK, D1 and D2 (p \ 0.01).

3.2 Influence of litter decomposition

on the concentration of Fe and Mn

in the overlying water

Fe and Mn released from the sediments into the overlying

water by forming complexes with plant litters. As shown in

Fig. 3, decomposition of wetland plant litter influenced the

concentration of Fe in the overlying water. The concen-

tration of Fe in the overlying water was 6 mg L-1 in the

Fig. 2 Influence of litter decomposition on a pH, b EC and c Eh of

the overlying water over time. Each datum represents the mean of

triplicate experiments. All error bars represent the standard deviation

of triplicate samples
Fig. 3 Influence of litter decomposition on the Fe concentration in

the overlying water over time. Each datum represents the mean of

triplicate experiments. Error bars represent the standard deviation of

triplicate samples
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D2 group at 1 day, and with the continuous decomposition

of litter, it dropped sharply to 0.8 mg L-1 at 14 days and

0 mg L-1 at 21 days. In the D1 group the concentration of

Fe in the overlying water was 2.5 mg L-1 at 1 day, and

then gradually decreased to 1.5 mg L-1 at 7 days, and

decreased to 0 mg L-1 at 14 days. The concentration of Fe

remained 0 mg L-1 in the CK group during the experi-

ment. Repeated ANOVA analysis showed that with the

continuous decomposition of litter, the concentration of Fe

of the overlying water in different treatments varied sig-

nificantly (p \ 0.01). Multiple results indicated that there

were significant differences among CK, D1 and D2 groups

(p \ 0.01).

The influence of plant litter decomposition on the con-

centration of Mn in the overlying water was shown in

Fig. 4. In the D2 group, litter decomposition influenced the

concentration of Mn, and it was maximal in the overlying

water in the D2 group at 1 day (1.2 mg L-1). With the

continuous decomposition of litter, the concentration of Mn

presented a decreasing trend and decreased to 0 mg L-1 at

28 days in the D2 group. The changes in the concentration

of Mn in the D1 group were not obvious. Repeated

ANOVA analysis showed that with the continuous

decomposition of litter, the concentration of Mn was sig-

nificantly different in the overlying water in different

treatments (p \ 0.01). Multiple results indicated that there

was a very significant difference among CK, D1 and D2

(p \ 0.01).

3.3 Influence of litter decomposition on the organic

matter of the sediments

Organic matter is an important part of sediments and

affects and restricts the physical, chemical, and biological

characteristics of sediments (Leenheer and Croue 2003;

Wu and Tanoue 2001). Maintaining or increasing the

organic matter of sediments can promote the formation of

agglomerates and maintain their stability (Pulleman and

Marinissen 2004). In this study, adding plant litter into the

sediments affected the changes of the organic matter of the

sediments. As shown in Fig. 5, the organic matter of the

sediments in the CK group had little change, but the

organic matter was obviously affected in the treatment

groups. With the continuous decomposition of litter, the

organic matter in the sediments increased and reached

91 mg g-1 in the D2 group at 28 days and had a signifi-

cantly larger range of increase than that of the D1 group

(42 mg g-1). Repeated ANOVA analysis showed that the

organic matter in different treatments was very different

(p \ 0.01). Multiple results indicated that there was a very

significant difference among CK, D1 and D2 groups

(p \ 0.01).

3.4 Influence of litter decomposition on forms of Fe

and Mn in the sediments

Decomposition of plant litter not only promoted the release

of Fe and Mn but also influenced changes in the forms of

Fe and Mn. As shown in Fig. 6, the influence of the

decomposition of plant litter on residual Fe was not obvi-

ous, but litter decomposition promoted a decrease in

reducible Fe, and at the same time, exchangeable and

Fig. 4 Influence of litter decomposition on Mn concentration in the

overlying water over time. Each datum point represents the mean of

triplicate experiments. All error bars represent the standard deviation

of triplicate samples

Fig. 5 Influence of litter decomposition on the organic matter of

sediments overt time. Each data point represents the mean of triplicate

experiments. All error bars represent the standard deviation of

triplicate samples
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oxidable Fe increased correspondingly. As shown in Fig. 6,

with the continuous decomposition of litter in the sedi-

ments, reducible Fe decreased gradually. The reducible Fe

in the D2 group was lower than that in the D1 group. Thus,

the decrease in the amount of reducible Fe in the D2 group

was larger than that of reducible Fe in the D1 group, which

decreased from 44.5% at 1 day to 31% at 28 days. Litter

decomposition could make exchangeable Fe increase

gradually; similarly, exchangeable Fe in the D2 group was

larger than that in the D1 group, and the percentage of

exchangeable Fe in the D2 treatment group increased from

6.8% at 1 day to 11.6% at 28 days. Oxidable Fe presented

a gradually increasing trend with continuous litter decom-

position, and the percentage of oxidable Fe in the D2 group

increased from initially 8.1% to 19% at 28 days. Fe

increased in its oxidable form in all the treatment groups

and was larger than that in the exchangeable form.

Decomposition of plant litter promoted the transformation

of reducible Fe to exchangeable and oxidable Fe in the

sediments.

Exchangeable Mn was the main form of Mn in sedi-

ments. As shown in Fig. 7, litter decomposition promoted

the conversion of reducible Mn to oxidizable Mn, but had

little influence on exchangeable and residual Mn. With the

continuous decomposition of litter, the Mn content in the

reducible form gradually decreased, and the Mn content in

an oxidizable form gradually increased. The percentage of

reducible Mn in the D1 group decreased from 14.08% at

1 day to 7.04% at 28 days, and the reducible Mn in the D2

group was reduced from 11.47% (1 day) to 2.75%

(28 days). Oxidizable Mn in the D1 group gradually

increased from 2.96% at 1 day to 12.46% at 28 days, and

oxidizable Mn in the D2 group increased to 13.73% at

28 days.

4 Discussion

Natural decomposition of wetland plants affected the pH,

EC and Eh of the overlying water. During early decom-

position, plant litter decomposed and generated low-

molecular organic acids, which made the pH of the over-

lying water slightly lower than that of the CK group (Zeng

et al. 2008; Yadav et al. 2010). As indicated in Fig. 2a,

during early plant decomposition, the pH in the D2 group

was lower than those in the D1 and CK groups. With the

continuous decomposition of litter, the amount of

ammonifier increased gradually in a system with additional

litter, and ammonia generated by microbial metabolism

increased the pH of the system (Zhao et al. 2011). At the

same time, litter decomposition generated abundant dis-

solved organic matter (DOM), which exchanged anions

with hydroxide radicals on the surface of sediments and led

to an increase in the pH of the overlying water. Abundant

litter decomposition from wetland plants released the

excess base, resulting in a gradual increase in the pH of the

overlying water (Grossl and Inskeep 1996; Yan et al.

1996). Additionally, with a complete release of the excess

base from the litter, the pH declined slightly in the over-

lying water. EC, which is sensitive to chemical forms of

dissolved substances, was an important indicator of dis-

solved ion activity in the water. Studies have shown that

ions that significantly contribute to EC contain H?, Na?,

Ca2?, Mg2?, SO4
2-, and Fe2?, and EC is relatively sen-

sitive to the chemical forms of dissolved-state matter in

Fig. 6 Influence of litter decomposition on changes in the forms of

Fe in the sediments. Each data point represent the mean of triplicate

experiments (note: histograms from left to right were CK, D1 and D2,

respectively. The same in Fig. 7)

Fig. 7 Influence of litter decomposition on changes in the forms of

Mn in the sediments. Each data point represents the mean of triplicate

experiments
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solution (Mccleskey et al. 2012). The decomposition pro-

cess of plant litter in the study generated rich DOM, which

complexed or chelated heavy metals from sediments. The

heavy metals were released into the water via the complex

or chelation and affected the EC of the overlying water.

Studies have also indicated that litter decomposition not

only consumes oxygen but also produces reducing sub-

stances (Wu et al. 2007). Both oxygen reduction and the

production of reducing matter resulted in a decrease in Eh.

During early decomposition, abundant water-soluble mat-

ter contained in plants was decomposed, and the decom-

position of the matter consumed abundant oxygen (Yan

et al. 1996); therefore, the Eh dropped during 1–14 days.

Then, in the litter, cellulose, hemicellulose and lignin

decomposed at a slower pace and with less oxygen con-

sumption (Tang et al. 2005). Consequently, the decline in

Eh was relatively moderate after 14 days.

Sediments in constructed wetlands treating AMD con-

tained a large amount of Fe and Mn in different forms and

that was released from sediments into the overlying water

under certain conditions. Studies have shown that DOM

can directly complex or chelate with heavy metals absor-

bed by the sediments into overlying water (Zong et al.

2015; Christine et al. 2002; Kaiser and Zech 1998). During

early litter decomposition, decomposition was completely

hydrophilic small-molecular matter, which allowed the

formation of high-concentration DOM within a short per-

iod (Alken and Leenheer 1993). High-concentration DOM

can complex or chelate more Fe and Mn from sediments

into the overlying water; hence, the concentrations of Fe

and Mn in overlying water reach high levels during early

decomposition. During the experiment, Eh was relatively

low in the treatment groups, and sulphate-reducing bac-

terium (SRB) were likely to increase gradually in the

sediments (Naresh et al. 2015). Additionally, with SO4
2-

as the electron acceptor, SRB consumed organic acids and

generated H2S, which formed metal sulphide with the Fe

and Mn released from the sediments (Castillo et al. 2012;

Li and Liu 2013). In addition, with the extension of litter

decomposition time, cellulose and hemicellulose in the

litter initially decomposed to form high-molecular organic

matter (Zhou and Thompson 1999; Han and Thompson

1999; Kaiser and Zech 1998). Fe and Mn of the overlying

water directly complex with high-molecular organic matter

to form insoluble complexes in the sediments; this process

was one of the factors affecting the reduction in Fe and Mn

levels in the overlying water.

Adding plant litter into the sediments resulted in an

increase of organic matter. In the early decomposition,

litter decomposition generated abundant DOM into the

sediments, which increased the amount of sediment organic

matter. With the continuous decomposition of litter,

cellulose, hemicellulose and lignin in the litter were

decomposed and the organic matter accumulated in the

sediments.

The bioavailability and mobility of Fe and Mn depend

on their chemical forms, which in sediments are obviously

affected by the environment (Kaiser and Zech 1998; Jiang

et al. 2006). Not only did the forms of Fe and Mn in D1 and

D2 treatment change, but the forms of Fe and Mn in CK

group also changed. This indicated that litter decomposi-

tion in this study was not the only cause of changes in the

forms of Fe, Mn. Some studies show that soil flooding

causes changes in the forms of Fe, Mn, and as the flooding

time continues, the activity and bioavailability of Fe, Mn in

the soil will decrease (Zhang et al. 2014; Perez et al. 2010).

In the original sediments reducible Fe was the main form of

Fe, while litter decomposition promoted a decrease in

reducible Fe as well as an increase in exchangeable and

oxidizable Fe. Oxidized Fe forms reducible Fe by gener-

ating a Fe oxidation reaction or by Fe coating on the sur-

face of sediments granules. Reducible Fe was characterized

by poor stability under reducing conditions and vulnera-

bility to being reduced and dissolved in the environment

(Colombo et al. 2014). In this study, decomposition of

plant litter consumed oxygen in the water and reduced Eh

below - 100 mV. Under a reducing environment, reduci-

ble Fe in sediments was dissolved, and the content was

reduced; the reduction volume in the D2 group was larger

than that in the D1 group. A Pearson’s correlation analysis

indicated that the Eh correlated significantly with the forms

of Fe (p \ 0.01). Adding plant litter into the sediments

resulted in an increase of the organic matter, and created a

reducing environment in which reducible Fe dissolved and

released into the sediments solution. Dissolved Fe and Mn

bound with organic matter (such as phenolic hydroxyl

group, carbonyl, N-, and S-), and increased the content of

Fe in an organic complex and oxidizable form (Yu and

Chen 1990; Zhang et al. 2005; Covelo et al. 2007). Addi-

tionally, a Pearson’s correlation analysis indicated that the

organic matter significantly correlated with the forms of Fe

(p \ 0.01). In this study, the organic matter and Eh found

highly significantly correlated with changes in the forms of

Fe in the sediments. It was suggested that the organic

matter and Eh were the main reasons for the reduction in

reducible Fe and the increase in oxidizable Fe. Studies

have found that an addition of humus acid increased the

content of organic matter in soil and that the content of

oxidizable Fe in soil increased with the proportion of

humus acid (Zhang et al. 2014). Reduced and released Fe

enters an environmental solution and then is re-absorbed to

the surface of sediments (Macdonald et al. 2011), resulting

in an increase in exchangeable Fe in sediments.

Exchangeable Mn was the main form of Mn in the sedi-

ments. Decomposition of litter in wetland plants had little
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effect on the exchangeable and residual Mn in the sedi-

ments, but it promoted the conversion of reducible Mn to

oxidizable Mn in the sediments. The correlation analysis

results showed that the changes in Eh and organic matter of

the sediments during litter decomposition caused the

transformation among the different forms of Mn. The

decomposition of litter consumed oxygen; thus, the sedi-

ments were in reduction condition, and the reducible Mn in

the sediments was released. The released Mn formed a

precipitate with S2- in the environment, making it oxi-

dizable. With the increase in the Mn content, the total

amount of Mn in the sediments was small. Therefore, the

reduced and dissolved Mn was completely converted into

oxidizable Mn, and the effect on exchangeable Mn was

small.

Plant litter increased the content of oxidizable Fe and

Mn, which can only be dissolved under strongly oxidizing

conditions and cannot easily be released in a neutral or

weak oxidative environment (He et al. 2003; Luo et al.

2011). The oxidizable Fe and Mn is a relatively stable form

in the sediments (Li et al. 2015). Litter decomposition in

the constructed wetland promoted the conversion of redu-

cible Fe and Mn to oxidizable Fe and Mn in the sediments,

and made the stability of Fe and Mn stronger. The stability

of Fe and Mn in the sediments became stronger, which

reduced the risk of secondary release of Fe and Mn in the

sediments.

5 Conclusions

Decomposition of wetland plant litter can increase the pH,

EC and reduce the Eh of the overlying water. In our study,

pH and EC of the overlying water in each treatment group

increased to the maximum at 21 days and then slightly

decreased in each group.

Litter decomposition had an effect on the concentrations

of Fe and Mn in the overlying water. With an increase in

the amount of litter, the concentration of Fe and Mn in the

overlying water showed a downward trend. The Fe con-

centration in the treatment group decreased to 0 mg L-1 at

21 days; in the D1 group, Fe decreased to 0 mg L-1 at

14 days; Mn decreased to 0 mg L-1 at 28 days in each

treatment.

Adding plant litter into the sediments promoted the

increase in the organic matter of the sediments. The

organic matter in the original sediments was 25.2 mg g-1,

and with the continuous decomposition of litter, the organic

matter in the sediments reached 42 mg g-1 in D1 group

and 91 mg g-1 in the D2 group at 28 days.

Litter decomposition promoted the conversion of oxi-

dizable to reducible Fe and Mn in the sediments, where Fe

was mainly present in the oxidizable form. Litter

decomposition caused the transition of oxidizable to

exchangeable and reducible Fe, but had no obvious effect

on the residual Fe in the sediments. In the original sedi-

ments, Mn mainly existed in exchangeable form. As the

litter decay time increased, the content of oxidizable Mn

gradually decreased, the reducible Mn increased with time,

and the decomposition of plant litter occurred. The effect

of Mn on the exchangeable and residual Mn in the pre-

cipitate was not obvious.

In constructed wetlands used to treat AMD, not only do

we choose plants that are resistant to pH, Fe, Mn or other

heavy metals, but the biomass of plants must also be

considered. High biomass plants can accumulate more

heavy metals during their growing period, and during

decomposition plant litter promotes heavy metals of sedi-

ments immobilized. In practical application, we should

keep the litter in the wetland system in its decay period.

However, whether plant litter will affect purification effi-

cacy of AMD and whether the litter will still play a fixed

role in a longer period of time must be further investigated.
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