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ABSTRACT

To understand the influencing factors of the sediment adsorption of As®*, prototype sand of the Yellow River
was taken as the material. The effects of sediment adsorption saturation time and adsorption regularities
were investigated when coexisting ions Fe®* and Mn?* existed. The results show that: (1) when there was
only As®* existing alone, the saturation time was 60 min; when Fe* and Mn?* were added, the saturation time
was 90 min; (2) when Fe®* existed, the sediment adsorption laws of As®** were as follows: during the initial
period, with the increasing concentration of Fe**, the adsorption decreased; when the concentration of Fe**
was more than 0.4mg/L, the adsorption capacity increased with the increasing concentration of Fe**; when
there was Mn?* existing, the regulation also showed that it initially decreased slightly and then increased, i.e.,
when Mn?* was less than 1.0mg/L, the adsorption capacity decreased with the increasing concentration of
Mn?*; when Mn?* was higher than 1.0mg/L, the adsorption capacity increased with the increasing concentration
of Mn?*; when Fe* and Mn?* coexisted, the sediment adsorption of As®* increased with the increasing
concentration of the coexisting ions; (3) when the coexisting ion concentration was 0.2-0.4mg/L, the removal
rate of Fe** was less than that of Mn?*, and also less than that of the coexistence of Fe** and Mn?*. When the
concentration of coexistent ions is less than 0.2 or more than 0.4 mg/L, the removal rate of Mn?* was less
than Fe*, and also less than that of the coexistence of Fe** and Mn?*.

INTRODUCTION

The Yellow River is an important drinking water source for
the north and northwest China, and it is also the rare sedi-
ment-laden river in the world. Since the Xiaolangdi reser-
voir was operated, the average sediment concentration of the
Yellow River is 13.3~31.1kg/m? in the non-regulation pe-
riod (Li & Sheng 2011, Li 2014). The sediment particles,
whose surface exists in a variety of activity substances, have
a large specific surface area, and a strong surface conjuga-
tion with heavy metals (Yuan et al. 2008, Wang et al. 2007,
Huang et al. 1994, Zhao et al. 2003). Studies have shown
that heavy metal pollution of the Yellow River, especially
arsenic pollution, is more prominent (Bai & Xiao 2012, Yang
etal. 2010, Sun et al. 2010). Heavy metal pollution in water
and sediment environment has been concerned with a lot of
academics all the time (Liu et al. 2007, Ma 2011). The schol-
ars at home and abroad, mainly deal with sediment sorption
concerning heavy metals from water, focusing Cu, Cd, Pb
and Cr etc. (Xia et al. 2011, Xu et al. 2009, Zhang et al.
2011, Natalia et al. 2012, Shipley et al. 2010, Achour et al.
2011, Jin et al. 2009), however, for the absorption of As con-
taminant in river sediment, little attention has been paid (He
& Li 2004, Huang & Wan 1995). China, America and EU
have a drinking water standard that requires arsenic concen-
tration from 0.01 up to 0.05mg/L (GB5749-2006). The new

drinking water standards further strengthen the urgency of
arsenic wastewater treatment.

In summary, this paper investigates the sediment adsorp-
tion capacity of As and influencing factors of Huayuankou
section of the Yellow River and conducts a study on the regu-
larities that coexisting ions Fe** and Mn?* have an effect on
As sorption by different concentration sediment, which pro-
vides the scientific basis for the transportation of As con-
taminant in heavily slit-carrying river and harnessing water
sources.

MATERIALS AND METHODS

Experimental Materials

The experimental materials are sediments taken from shallow
water near the bank of the Yellow River at Huayuankou dur-
ing the process of natural air drying. The dried sands were
crushed by the pulverizer in 2~3 minutes and got through 325
mesh sample sieve to obtain 0.0375~0.088mm size sediment.
The sands were baked for 6 hours in 105°C and cooled to the
room temperature in a dryer. This material was reserved for
the pH and temperature experiment. In order to prevent the
test interference arising from the arsenic pollutants, which is
original in sediment, the sediment which is processed and
soaked was used to conduct the blank parallel determination
in order to take out the blank and remove the interference.
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Determination Method

Atomic fluorescence spectrophotometer (model 8220) was
used to determine the concentration of arsenic (III). Quanti-
fication of arsenic (IIT) was based upon the calibration curves
of standard solutions of arsenic (III) ion. The equation of
calibration curve was y = 44.268x-33.533, and the detection
limit of arsenic (IIT) was 0.01mg/L. The correlation coeffi-
cients were approximately 0.9998. The relative standard de-
viation of the three replicates was always below 1%. At the
same time, four water samples were selected, which were set
for four parallel samples respectively in order to run the ad-
dition and recovery experiment. The results indicated that
the recovery rate was in the range of 97.489% to 105.303%.
The accuracy of the method was good and satisfied the accu-
racy requirement of the analysis method.

Experiment Scheme

Experiment scheme of the effect of adsorption equilib-
rium time of coexistent ions: To make sure the arsenic so-
lution’s adsorption equilibrium time of arsenic, arsenic+Fe*
and arsenic+Fe**+Mn?*, the experiments were conducted un-
der the condition of 25°C, pH of 8.00+0.04, vibration veloc-
ity of 150r/min and size of sediment 0.0375~0.088mm. A
sorbent dose of Skg/m?, 10kg/m’, 15kg/m?, 20kg/m? and 25kg/
m?of sediment concentration was prepared, respectively. Typi-
cally, samples were collected at 5, 10, 15, 30, 45, 60, 90, 120
minutes. Experiment scheme is given in Table 1.

Experiment scheme of the effect of arsenic adsorption
from sediment on coexistent ions: Arsenic’s adsorption equi-
librium time was 90 minutes, which can be obtained under
the above experimental conditions. The study on the effect of
arsenic adsorption was conducted at the equilibrium time of
90 minutes, under four conditions of arsenic, arsenic+Fe’*,
arsenic+Mn?* and arsenic+Fe**+Mn?* and at sediment concen-
tration of Skg/m?®, 10kg/m?, 15kg/m?, 20kg/m? and 25kg/m?,
respectively. Experiment scheme is given in Table 2.

RESULTS AND DISCUSSION

Table 1: Experiment scheme of determination of adsorption equilibrium time
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The Influence of Adsorption Equilibrium Time on
Coexistent Ions

The arsenic removal rate which is corresponding to five sedi-
ment concentrations for different sampling times of arsenic,
arsenic and Fe**, arsenic and Mn?, arsenic+Fe**+ Mn?* solu-
tion as per above mentioned experimental scheme was plot-
ted and different ion concentrations of five sediment con-
centrations of arsenic removal rate curve were obtained and
shown in Figs. 1, 2, 3, 4, respectively.

The plot in Fig. 1 indicated that the percentage of ar-
senic adsorption did not appreciably change with the change
in time about 5 minutes to 10 minutes. This instable As sorp-
tion potential could be related to the fact that the reaction
which was in an adaptation period was just beginning. When
the time rose from 10 to 60 minutes, the percentage of ar-
senic adsorption increased with it at different sediment con-
centrations. Whereas during 60 to 120 minutes, the arsenic
adsorption rate was approximately stable. This result showed
that arsenic adsorption equilibrium time from sediment was
60 minutes.

From the effects of coexistent ions on the sorption of
As(IIT) (Figs. 2, 3, 4), it was evident that the percentage of
arsenic adsorption did not appreciably change in 5 to 15
minutes. But it presented a clear tendency towards increas-
ing during 15 to 90 minutes at different sediment concentra-
tions. After that, when the time was about 90 to 120 min-
utes, the arsenic sorption quantity was approximately sta-
ble; all of them could achieve sorption equilibrium at differ-
ent sediment concentrations respectively. These results dem-
onstrated that arsenic adsorption equilibrium time of each
dose from sediment was all 90 minutes under the conditions
of arsenic+Fe?, arsenic+Mn?* and arsenic+Fe**+Mn?.

The Influence of Arsenic Sorption by Sediment on Coex-
istent Ions

The influence of arsenic sorption by sediment in the pres-
ence of Fe*: Fe** was added to water samples in the known

Arsenic concentration (mg/L) 0.1

0.1 0.1 0.1

Coexistent ions concentration (mg/L)

Fe**=0.5 Mn?**= 0.5 Fe**=0.5Mn*= 0.5

Table 2: Experiment scheme of the influence on the sediment adsorption of arsenic when Fe** and Mn?* exist.

Experiment conditions As, Fe**

As, Mn 2+ As, Fe**, Mn?*

Fe** concentration (mg/L) 0.1,0.2,0.3,0.4,1.0,1.5,2.0
Mn? concentration (mg/L) 0

0 0.1,0.2,0.3,0.4,0.5,1.0, 1.5
0.1,0.2,0.3,0.4,1.0,1.5,2.0 0.1,0.2,0.3,0.4,0.5,1.0, 1.5
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Fig. 1: Arsenic is 0.1mg/L.
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Fig. 2: Arsenic is 0.1mg/L and the Fe is 0.5mg/L.

experimental conditions. Fe** concentration of 0.1, 0.2, 0.3,
0.4, 1.0 and 2.0mg/L, respectively. The contents of arsenic
before and after adsorbing were detected, and the percent-
age of As adsorption was calculated. Percentage of As ad-
sorption change curve of different sediment concentrations
with the change in Fe** concentration is exhibited in Fig. 5.

Fig. 5 showed that the sorption of As(III) removing rate
decreased initially and then increased with the increasing
concentration value of Fe* under the same sediment con-
centration. The sorption of As(III) reduced from 65.88% to
63.36% and then rose to 85.72% in the case of sorbent dose
of Skg/m?. When the concentration value of sediments of
10, 15, 20, 25kg/m? followed the same law, further at the
concentration value of sediments of 5, 20, 25kg/m?, the re-
moving rate reached the lowest point at 0.4mg/L, whereas
the lowest point at 0.3mg/L in the case of sorbent dose of 10
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Fig. 3: Arsenic is 0.1mg/L and Mn** is 0.5mg/L.
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Fig. 4: Arsenic is 0.1mg/L, Fe*" and Mn** are 0.5mg/L.

and 15kg/m?. This was due to the low concentration of Fe**,
the condition where water pH value was equal to 8 is weakly
alkaline, a small amount of ferric hydroxide precipitation
formed and was allowed to settle, being coupled with the
competitive adsorption of Fe** ions caused by a low concen-
tration of Fe?*. As the Fe** concentration increases, the re-
moval rate of As falls; then sudden increase in the Fe** con-
centration to more than double of the original value, Fe*
hydrolysis generated a large amount of iron hydroxide
adsorbing the heavy metal As, which results in increased
rate of arsenic removal.

The influence of arsenic sorption by sediment on the pres-
ence of Mn*": Following the procedures in the above sec-
tion, the Fe?* standard solution as the standard Mn?* solu-
tion with the other conditions unchanged was replaced, and
the experiment was finished. When the sampling time is 90
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Fig. 5: The arsenic removal rate changes with Fe**concentration under
different sediment concentrations.
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Fig. 6: The arsenic removal rate changes with Mn?* concentration under
different sediment concentrations when the sampling time is 90min.

minutes, the arsenic removal rates in different sediment con-
centrations changed with Fe* concentration curve, as shown
in Fig. 6.

Fig. 6 systematically demonstrates that the As(III) re-
moving rate increased initially, then decreased and finally
increased again with the increasing concentration of Mn?*.
Furthermore, it was apparent that the sorption of As(III) rose
from 64.8% when Mn?* was 0.1mg/L to 70.6% when Mn**
was 0.4mg/L, then decreased to 54.8% when Mn?** was
1.0mg/L, increased to 55.9% when Mn** was 2.0mg/L in the
case of sorbent dose of Skg/m?® in the end. The influence of
Mn?* on the arsenic sorption at the concentration value of
sediments of 10, 15, 20 and 25 kg/m?*followed the same law:
when Mn?* ranged from 0.1 to 0.2mg/L, arsenic sorption
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Fig. 7: The arsenic removal rate changes with Fe** and Mn?* concentra-
tion under different sediment concentrations when the sampling
time is 90mins.

wor [ JFe"ZZMn’?
S
= 80
Rl
=
o]
[%2]
g 60
(]
c
o)
&2
© 40 -
—
o
[
(o))
o]
T 20
@
<4
5]
o
0

1.0 1.5

Concentration of coexistent ions ( mg/L)

Fig. 8: When sediment concentration is 15kg/m?, the variation of arsenic
removal rate along with the concentration of coexistent ions.

increased; when Mn* ranged from 0.2 to 1.0mg/L, arsenic
sorption decreased; when Mn? ranged from 1.0 to 2.0mg/L,
arsenic sorption increased. After Mn?* was added in the ex-
periment water samples, the concentration of Mn?* increased
in water samples, and there was a stage where it firstly de-
creased and then increased, and the turning point appeared
when the concentration of Mn?* was 1.0mg/L. The reason
was that its hydrolysis is of smaller intensity; when the con-
centration of Mn?* was low, its hydrolytic strength was
weaker; when the concentration of Mn** was less than 1.0 mg/
L, Mn?* generated less manganese hydroxide, and the hy-
drogen ions produced by hydrolysis reduced the pH value
of water. It is assumed that the water sample is neutral, the
conclusion is based on the effect of pH on sediment adsorp-
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tion of As that when the concentration of Mn?* increases,
the acidity is strengthened and the removal rate of As de-
creases; when the concentration of Mn** was higher than
1.0mg/L, the hydrolysis was full, and massive production of
the hydroxide of manganese adsorbed the arsenic as one kind
of new absorbent, with the increase in Mn>* concentration.
If the amount of adsorbent increases, then the removal of
arsenic will increase.

The influence of arsenic sorption by sediment on the pres-
ence of Fe**and Mn*: The experiment was conducted ac-
cording to the experimental protocol, so as to obtain the
change curves of arsenic removal rates in different sediment
concentrations with Fe** and Mn?* concentration and is
shown in Fig. 7.

From the effects of Fe** and Mn** on the sorption of
As(III), it was evident that the percentage of arsenic adsorp-
tion increased with the increase in the concentration value
of Fe* and Mn*, only at the concentration value of sediments
of 5, 10kg/m? of Fe** and Mn?* 1.5mg/L, the removing rate
of As(III) declines slightly. This is due to the fact that when
Fe** and Mn?* are hydrolysed into hydroxides as the new
adsorbent, except sediment, and it can absorb large amount
of arsenic. When the concentration of Fe** and Mn** increases,
the production of adsorbent increases, then the water removal
rate of arsenic also increases.

The Variation of Arsenic Removal Rate Along With the
Concentration of Coexistent Ions

To further explore the effect of Fe** and Mn?* on sediment
adsorption of arsenic, the sediment concentration of 15kg/
m?® was selected, the sampling time was 90 minutes, the Fe*
standard solution, the Mn?* standard solution and the Fe3* +
Mn?* standard solution were added in the same concentra-
tion water sample and compared with the removal rate. The
variation of arsenic removal rate along with the coexistent
ion concentration was obtained and is shown in Fig. 8.

It can be seen from Fig. 8, when the concentration of
coexistent ion is constant, by adding Fe**, Mn?* and adding
Fe’* and Mn?* at the same time, the effects of arsenic on the
removal rate are not the same. When the coexistent ion
concentration is 0.2 to 0.4mg/L, the removal rate of Fe** is
less than Mn?*, and less than that of the coexistence of Fe**
and Mn?*. When the concentration of coexistent ions is less
than 0.2 or greater than 0.4 mg/L, the removal rate of Mn**
is less than Fe*, and less than that of the coexistence of Fe**
and Mn?**. This is because under the condition of adding these
two ions, the amount of formed absorbent is higher than that
of adding one kind of ion alone. The amount of adsorbent is
higher, and the removal rate of arsenic is higher. When the
concentration of coexistent ion is larger or smaller, the
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removal rate of arsenic with adding Fe** is higher than Mn?*.
The reason is that the Fe* hydrolysis intensity is higher than
Mn?*. The production of iron hydroxide is greater than the
manganese, large concentrations of arsenic adsorption, and
higher removal efficiency; when the coexistent ion
concentration is 0.2 to 0.4mg/L, the removal rate of arsenic
Mn?* is higher than Fe* in the water sample. It may be due
to the manganese hydroxide adsorption arsenic whose ability
is better than the iron hydroxide.

CONCLUSION

To explore the regularities that coexistence of ions Fe** and
Mn?** have an effect on As sorption by different concentra-
tion sediment, firstly, arsenic solution adsorption equilib-
rium time was confirmed through experiments on the condi-
tions of arsenic, arsenic+Mn?*, arsenic+Fe*" and arsenic+
Fe**+ Mn?*. The results demonstrate that:

* The adsorption equilibrium time of arsenic was 60 min-
utes, when only arsenic was in the solution. At the same
time, arsenic adsorption equilibrium time from sediment
was all 90 minutes on the conditions of arsenic+Fe**,
arsenic+Mn?* and arsenic+Fe**+Mn?*,

* As (IIT) removal rate increased initially, then decreased
and finally increased again with the increase of the
concentration value of Mn?* at the sample time of 90
minutes.

* The sorption of As (III) removing rate decreased initially
and then increased with the increase of the concentration
of Fe** under the same sediment concentration.

» Accompanied by the rise of concentration of Fe* and
Mn?*, the rate of arsenic adsorption increased. But at
the concentration value of sediments of 5, 10kg/m? of
Fe* and Mn?* 1.5mg/L, As(IIl) removing rate slightly
decreased.
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