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Iron oxide is a good and inexpensive adsorbent for arsenic (As) compounds and other heavy metals
in water (Fe, Cu, Cd, Pb, Ni, Zn). Waste sludge from water treatment plant, which is highly in iron
content, can be considered as a great adsorbent. Utilizing this waste as material for water treatment
would get benefits on not only environment but also energy, resources and social economy. This
study describes experiments to produce arsenic adsorbent material from waste sludge taken from Ha
Dinh water treatment plant by using glass water, Fe(NOs); and heat to modify and enrich iron con-
tent. This process aims to make a good material for filtration and sorption of As. Other effects of
pH, time, adsorbent mass, and adsorbate concentration are also considered. The processes are suc-
cessful in removing Arsenic ion clearly. Initial As sample of 1000pg/L, contact time 4 hours, mate-
rial 1 g/L, the efficiency is 99.64%. Treated water is under national technical regulation on domestic
water quality (QCVN 02:2009/BYT column I) —, where column I is applicable to water provision
units. Research also starts to make material particles, which are more favorable to practical applica-
tion. These adsorbent productions after modification are beneficial with low-cost and environment-
friendly advantages.

Oxit sdt la mot chat hdp phu tot va ré trong viéc logi bo cdc hop chdt asen (4s) va mét sé kim logi
nang khac trong niwoe (Fe, Cu, Cd, Pb, Ni, Zn). Trong khi do, bun thai tir cac nha mdy xu li nuéce
giau thanh phan sdt, c6 thé xem la mot vt liéu hdp phu tot. Viéc tin dung bun thai nay lam vat liéu
xik Iy 6 nhiém khéng chi dem lai nhitng loi ich cho méi truong ma con vé mdt tai nguyén, nang heong
va kinh té xa hoi. Bdo cdo nay trinh bay cach ché tao vat liéu tir bun thai cua nha mdy xuw ly nuéce
cdp Ha Pinh thanh vit liéu xik Iy 6 nhiém asen bang cach sir dung thiy tinh long, Fe(NO3); va nhiét
dé bién tinh lam tang ham luong sat trong bun thai, tao vdt liéu 16t cho qud trinh loc va hd'p phu As.
Cdc nhdn t6 anh hwong téi hiéu sudt hap phy nhw pH, thoi gian, khéi heong chdt hdp phu, va nong
do As ciing dwoc dwa ra danh gia. Viéc loai bo As dat hiéu qua ro rét. Véi nong dé As ban dau la
1000 ug/L, thoi gian xir ly 4 gio, vat lieu si dung la 1g/L thi hiéu sudt xir Iy dat 99,64%. Nong do
As sau xit Iy dat tiéu chuan OCVN 02:2009/BYT, cot I — Quy chudn ky thudt quéc gia vé chat lrong
niede sinh hoat, cét I dp dung doi véi cdc co sé cung cap nuwde. Nghién ciku ciing budc dau thir
nghiém ché tao thanh vién vat liéu dé thudn loi hon trong viéc ung dung trong thuc tién. Vit lidu
biin thai sau bién tinh c6 loi thé vé chi phi thip va than thién véi méi truong
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1. Introduction near these rivers are the main source of drinking water for
inhabitants. These two river systems have extremely high
concentrations of arsenite and arsenate (Ly, Thuy M,
2012). The contamination of arsenic in Red River area is
higher and more widespread than that in Mekong Delta.

In Vietnam, the Red River in Northern Vietnam and the
Mekong in Southern Vietnam serve as primary water
sources for agriculture and, since the 1980s, groundwater
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Specifically, according to the study, 65% of all studied
wells exceed the WHO guideline values for heavy metals
or a combination of them with 27% of the wells exceeded
the As WHO guideline value of 10 ug/L. (Berg Michael,
etc, 2007).

2. Materials and Method

2.1 Materials

Iron (I1I) for coating: Fe(NO;); 0.5M; adhesive glass water
Na,SiO; 0.5M; pH regulators: NaOH 0.1M, and HCI
0.01M. Modify waste sludge: Raw waste sludge firstly is
dried upon sunlight, then is physically comminuted to
about diameter size of 0.1 mm. Weigh 10 g of this sludge
and mix with 100mL Na,SiO; 0.5M. Slowly pour 100mL
Fe(NO3); 0.5M into this mixture and stir well. After that,
move the mixture into the hot-water boiler at 70°C for 35
hours to achieve a mixture with layers. The mixture then is
cleaned gently with tap water (pH=7), discard surface wa-
ter and dry at 70°C. Finally heat the comminuted solid ob-
tained after drying at 650°C within 3 hours. Examination
the solubility of the heated solid with water is negative, the
solid is not soluble.

2.2 Methods

2.2.1 Research on impact of time and pH on the adsorp-
tion efficiency

Take 5 samples of 20mL arsenic solution 1M. Titrate with
NaOH 0.1M to adjust pH of 7. Take 5 samples of 0.02g
modified waste sludge, pour into each arsenic solution.
Shake at 150 prm for a series of 0.5, 1, 2, 3, and 4 hours.
Filtrate the received solution with filter paper. Finally, take
AAS of them. Repeat the steps with pH of 5, 6, 7, 8, 9.

2.2.2 Research on impact of modified material mass on
adsorption efficiency

Take 6 samples of 100mL arsenic solution Img/L and 6
samples of modified waste sludge of 0.01; 0.02; 0.05; 0.1;
0.2; 0.5g, and pour into each arsenic solution. Shake at 150
prm for 30 minutes. Filtrate the received solution with filter
paper. Finally, take AAS of them.

2.2.3 Research on impact of arsenic concentration on
adsorption efficiency

Take 3 samples of 20mL arsenic of 1mg/L, 2.5mg/L and
Smg/L with pH 6-7 and 3 samples of 0.02 g modified waste
sludge and pour into each arsenic solution. Shake at 150
¢/min for 4h 30 minutes. Filtrate the received solution with
filter paper. Finally, take AAS of them.

3. Results and discussion

3.1 SEM images

SEM image gives a closer look at the surface of the mate-
rial. At 500nm scale, particles are magnified 50,000 times,
and we saw group of particles covering with iron oxide.
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The surface is not smooth but rough, it looks spongy and
fluffy that is a good adsorption media.

Figure 1. SEM image of modified waste sludge
3.2 X-ray

The surface charges of modified waste sludge are repre-
sented on the figure 2. It varies with pH condition.
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Figure 2. X-Ray image of modified waste sludge
3.3 The composition of material before and af-

ter modification

Table 1. The composition of material before and after
modification

Element Waste slu(.lge Modified wa-ste

. Concentration sludge Concentration

containing (ppm) (ppm)
Na 834 1232
Mg 636.4 3417
Al 3573 11466
P 8134 22550
S 644.6 2798
K 688.5 2052
Ca 275.4 21360
Mn 249.5 1344
Fe 416470 547273
Cu 6.797 6.133
Zn 65.79 13.79
As 2681 1332
Ba 3661 675.3

Table 1 indicates the chemical compositions of the studied
material. The content of iron before and after modification
increases remarkably. According to previous research, iron
oxides were the good adsorbents for un-complex metals,
some metal-ligand complexes (Mark M. Benjamin |,
Ronald S. Sletten, Robert P. Bailey, Thomas Bennett,
1996). So, increasing iron content in material makes ad-
sorption capacity increase.
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3.4 The impact of time and pH on the adsorp-
tion efficiency

The initial arsenic solution: 1mg/l (1000ppb).

In general, with the initial arsenic solution having concen-
tration of 1000ppb, the adsorption efficiency of modified
material is highest at the pH= 9 and decrease as pH de-
creases. Furthermore, after 4 hours of contact between this
material with the arsenic, the adsorption efficiency is high-
est in comparison with at the other times. At the pH=9, the
adsorption efficiency is 98.70% after 30 minute and it in-
creases to 99.64 % after 4 hours. At the pH= 7, the effi-
ciency is 98.16% after 30minutes and increases to 99.43%
after 4 hours. Moreover, although the efficiency at pH=5 is
lowest in comparison with the one at other pH but it was
also adsorbed about 98.99% after 4 hours and 97.39 % after
0.5 hour.
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Figure 3. The adsorption efficiency of modified mate-
rial vs. pH after 0.5h
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Figure 4. The adsorption efficiency of modified mate-
rial vs. time, pH

According to QCVN 02:2009/BYT, the concentration of
arsenic in the drinking water should not exceed 0.05 mg /
L (50 ppb) for the exploitation household water. The arse-
nic concentrations which are adsorbed are lower than this
condition at all the interval times and pH.

The sample of Arsenic used is high in species of As V+.
According to the book Effect of redox potential and pH on
arsenic speciation and solubility in a contaminated soil
pulished in 1991 by Patrick H. Masscheleyn, it is known
that this As V+ ion exists at high pH, thus when pH in-
creases, more As V+ appears in the sample, as the result,

more arsenic is absorbed. With increase contact time, it is
obvious that more arsenic is absorbed.

Although at pH 8, 9, the adsorption efficiency is higher
than at pH 7, the pH 7 is suitable for water in the environ-
ment. Thus pH 7 is chosen in the two following experi-
ments.

3.5 The impact of modified material mass on
adsorption efficiency

Material mass increases from 0.1mg/L to 1mg/L, the arse-
nic concentration decreases from 52.864 ppb (94.71%) to
18.542 ppb (95.22%). Material mass is up from 1mg/L to
Smg/L, the arsenic concentration decrease slightly (from
18.54 ppb to 6.906 ppb). At Smg/L point of material mass,
the sample reaches the water quality standard (Arsenic con-
centration < 10 ppb).

According to the book Chemistry of the surface-water in-
terface pulished in 1992 by Werner Stumm, Laura Sigg and
Barbara Sulzberger, the absorption mechanism of arsenic
on iron material surface is based on the OH group formed
on the iron surface which is in contact with water.

AFe + H,0 = AFeOH + H'

Arsenic then combined tightly to the OH-group (Nguyen
Manh Khai, 2010) as following:

FeOH + H' = FeOH," (1)
FeOH =FeO + H" )
HAsO,/ + H' = H,AsOy (3)

H,AsO; +FeOH + H =FeHAsO4 + H,0  (4)
H,AsO4 +FeOH +H' =FeH,AsO4+H,0  (5)

The result shows that when more materials are added, the
efficiency increase, since more As will precipitate with
iron content, and be adsorbed on the materials’ surface.
At weight of 0.1 gram, the efficiency starts growing dras-
tically to the point of 1mg/L which mean almost arsenic
ion in the sample has been absorbed. Thus, when the mate-
rial quantity is considerable, the adsorption is better.

Impact of modified waste sludge mass on adsorptive yield pH (6-7)
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Figure 5. The adsorption efficiency of modified mate-
rial affected by dose

3.6 The impact of arsenic concentration

The Langmuir’s adsorptive isotherm equation:

b.C
- _Tre (%
Qe Qmabe.Ce()
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Where:

Ce - equilibrium concentration of adsorbed substance
(mg/L);

Q. - adsorptive capacity (mg/g);

Qmax - maximum adsorptive capacity calculated by theory
(mg/g);

b - Langmuir equations coefficients (determined from ex-
periments).

Table 2. The efficient adsorb arsenic of modified material impacted by the initial concentration of arsenic

Initial concentration Final concentration

of arsenic (ppm) of arsenic (ppm)

0.5 0.000622
1 0.005721
2.5 0.189
5 1.471
7.5 3.06

To determine the constants in the Langmuir’s isotherm
equation, the graph method converting equation (*) into
linear equation, in which C./q. depends on first order of
C. as the following:

Ce 1
Qe (QOmax

.Ce+ ;(**)
b.Qmax

0.8

0.7 'S
y =0.2266x + 0.0247

R?=0.9852

0.6

Ce/Qelg/l)

o 0.5 1 1.5 2 2.5 3 35
Ce(mg/I)

Figure 6. Langmuir isotherm
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Figure 7. Arsenic conc. after treatment compare with
initial conc. of arsenic

Apply the langmuir equation (**) to determine the maxi-
mum adsorption capacity of materials, Quax = 4413 mg/kg
and, Langmuir equations coefficient that shows the inter-
action between absorbent and absorbate, b=9.17 1/g.

Absorbed arsenic (ppm) The efficiency
(%)

0.499378 99.88

0.994279 99.43

2.311 92.44

3.529 70.58

4.44 59.20

The figure 6 indicates that modified waste sludge works
very well on removal of arsenic ion. The efficiency de-
creases as the arsenic concentration increase. With the ini-
tial concentration of arsenic less than 1 mg/l, modified
waste sludge dose is 0.02g, time is 4h30min at pH=7, the
final concentration of arsenic is suitable for domestic water
treatment according to national technical regulation on do-
mestic water quality (QCVN 02:2009/BYT, 2009). With
the initial concentration of arsenic more than 2.5 mg/l, the
final concentration of arsenic is not suitable for national
standard.

4. Conclusion and recommendation

The waste sludge modified after being taken from water
treatment plant has high efficient treatment to remove ar-
senic from water. The ability of As removal of modified
waste sludge is better than raw waste sludge. The maxi-
mum adsorbent capacity is 4413 mg/kg. With the initial ar-
senic concentration is 500-1000 pg/L, the efficient adsorp-
tion reaches 99.88% which is suitable for household treat-
ment system in Vietnam. The more pH is, the more effi-
cient arsenic adsorption is. Optimum pH and contact time
level for arsenic removal was found to be at pH = 9 within
4 hours (efficient adsorption is 99.64%). When more ma-
terials are added, the efficiency increases. In range 0.01-
0.1 grams of material, the efficiency increases drastically
(94.71%- 98.15%). In range 0.1 — 0.5 grams of material,
the efficiency increases slightly (98.15% - 99.31%).

In rural areas, the locals still use filtration tanks with sand
and gravel to filter ground water. After a period of time of
filtration, a thin layer of waste sludge appears causing wa-
ter-pipes to be blocked, and the households do not know
how to utilize this layer and reject it. However, this layer
can be used to remove arsenic by the way: dry and crash
this waste sludge in order to increase arsenic efficient ad-
sorption, then sprinkle it on the sand layer. Arsenic will co-
precipitate with iron on the surface and remain through the
tank. To increase the efficiency of treatment, using the
modified material in this report is recommended.
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