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Abstract: Biosorption of heavy metal ions, such as Cu®", Cd*" and Zn*", was carried out using waste activated sludge from municipal
sewage treatment plant as adsorption material, and the effects of parameters, such as pH value, temperature, reaction time and
sorption duration, were studied in detail. The results indicate that the removal rates of Cu*', Zn*" and Cd*" with low concentration are
96.47%, 80% and 90%, respectively, adsorbed by waste activated sludge. Little effect of dosage of activated sludge on the adsorption
of Cu*" and more effects on the adsorption of Zn*"and Cd*" are observed. Little effect of temperature is observed, while pH value and
adsorption time exert important influence on the sorption process. The adsorption behaviors of heavy metal ions all have parabolic
relationships with pH value. The optimum pH value is between 6 and 10, and the optimum adsorption time is 1 h. In single heavy
metal ion system, the sorption processes of Cu*", Zn?"and Cd*" are in accordance with Freundlich model, which indicates that it is
suitable for the treatment of these three heavy metal ions using intermittent operation. In addition, the sorption capacity of the sludge

for Cu™" is preferential to the other two ions.
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1 Introduction

Waste activated sludge is the by-product of sewage
treated by activated sludge process. According to
incomplete statistic, in China sewage discharge amount
is 4.474X 10" m*/d[1], and there are more than 100
sewage treatment plants with different scales. Sludge
amount accounts for 0.5%—1.0% of sewage treatment
amount. Taking 100 000 t sewage per day into account,
sludge amount with water-content coefficient of about
80% 1s 60—80 t, accordingly dry sludge amount is 10—
16 t per day. At present, waste sludge of most sewage
treatment plants is landfilled simply[2,3], which
produces secondary pollution easily.

More than 90% organisms mainly exist in the
structure of fattiness in waste activated sludge and
abundant function groups, such as —NH,, —NH, —OH,
—C=0, C=C, CH;— and CH,—. So sludge is worth
reusing as preparing oil, carbon, fertilizer, and so
forth[4—7]. In addition, researchers also focus on treating

heavy metal wastewater using activated sludge[8—10].
JIANG et al[11] studied the adsorption of Cu*" and Zn**
by surplus activated sludge in reducing sewage sludge
metal concentration, and the optimum conditions were
obtained: pH=7.0, =1 h, addition ratio=2.0 g/L.. WU et al
[12,13] studied the biosorption of heavy metal mixture
by sludge, and built the corresponding adsorption model.
BUX et al[14], ATKISON et al[l5] studied the
adsorption of zinc contained wastewater with high
concentration (more than 100 mg/L) by activated sludge,
and the results indicated that the removal rate reached up
to 96%. However, there is little report on treating heavy
metal wastewater with low concentration by waste
activated sludge.

A small amount of heavy metal ions in water body
came from discharged water after conventional treatment
will cause biological magnification,
treatment should be applied. In this study, waste
treatment of heavy metals
concentration (the concentrations of Cu*", Zn*" and Cd**
are all lower than 50 mg/L) by waste activated sludge is

so advanced

mixture with low
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studied. The effects of dosage of sludge, reaction time,
temperature, and pH value on biosorption of heavy metal
are investigated in detail, and then sorption isotherms of
Cu®*, Zn*" and Cd*" are obtained, which provide
foundations for exploiting sludge as a water treating
agent.

2 Experimental

2.1 Materials

Waste activated sludge was sampled from the
oxidation ditch of Changsha Sewage Treatment Plant,
and the water-content coefficient was 74.5%. It was
preserved in refrigerator.

Wastewater containing heavy metal ions Zn>* 8.5
mg/L, Cu*" 8.5 mg/L, Cd*" 5 mg/L were confected with
chloride (AR) and pure water.

2.2 Experimental procedure

The waste sludge with certain volumes was put into
conical flasks and 100 mL waste confected water was
added. After reaction for certain time the mixture was
placed in shaking bed under shaking rate of 125 r/min.
Then up-clear solution was taken and filtrated, and the
concentrations of heavy metal ions were analyzed by
atom absorption spectrophotometer[16].

3 Results and discussion

3.1 Effect of dosage of activated sludge on biosorption
rate of heavy metals

Effects of dosage of activated sludge on biosorption
rate of heavy metals are shown in Fig.1. From Fig.1 it
can be seen that the sequence of removal rate of several
heavy metals by activated sludge with same dosage is
Cu*>Cd*>Zn*". The removal rates of Cu**, Zn>" and
Cd*" reach up to 94.12%, 75.29%, and 82% respectively
when adding 1.0 g wet sludge. Accordingly, the
concentrations of heavy metals of treated water are 0.5
mg/L, 2.1 mg/lL and 0.9 mg/L, respectively. When
dosage of sludge is increased to 6.0 g, the removal rates
of Cu*, Zn*" and Cd*" are 96.47%, 89.41% and 98%.
This indicates that removal rates of Zn**, Cd*" are
enhanced with the dosage of sludge increasing, but it has
little effect on removal of Cu*". Therefore the optimum
dosage of activated sludge is 3.0 g, the removal rates of
Cu*', Zn*" and Cd*" are up to 96.47%, 80% and 90%,
and the biosorption contents per unit are 0.27, 0.23 and
0.15 mg/g, respectively.

3.2 Effect of reaction time on biosorption of heavy
metal ions by sludge
Fig2 shows the effect of reaction time on
biosorption of heavy metal ions by activated sludge. For
Cu®", biosorption rate reaches up to 90% when reaction

time 1s 0.5 h, and then little change of biosorption rate is
observed. The biosorption rate is 96.47% when reacting
for 7 h. This illustrates that there is little effect of
reaction time on removal rate of Cu®" biosorpted by
waste activated sludge. However, for Zn** and Cd*,
biosorption rates are 47.06% and 58% when reaction
time is 0.5 h, and then biosorption rate rises step by step
with reaction time prolonging; and biosorption rates are
up to 89.41%, 96% when reaction time is 7 h. Therefore,
it is obvious that waste activated sludge shows
preferential biosorption of Cu*".
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Fig.2 Effect of reaction time on biosorption rate of heavy metal

ions by activated sludge (25 C, pH=5.33)

3.3 Effect of temperature on biosorption rate of heavy
metal ions by sludge

Effects of temperature on biosorption rate of heavy
metal ions by sludge are shown in Fig.3.

Biosorption rate of Cu®" maintains at about 94%
when temperature changes from 10 C to 45 C;
biosorption rate of Zn*" rises from 58.82% up to 70.51%;
and biosorption rate of Cd*" rises from 80% to 88%. It
could be concluded that biosorption rates of Zn*", Cd**
are promoted to a little extent with temperature
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increasing. So biosorption could be conducted under
room temperature.
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Fig.3 Effect of temperature on biosorption rate of heavy metal
ions by sludge (pH=5.33, 1 h)

3.4 Effect of pH value on biosorption rate of heavy

metal ions by sludge

Fig4 reoresents the effect of pH value on
biosorption rate of heavy metal ions by sludge. From
Fig.4 it can be seen that there is an obvious effect of pH
value on biosorption of heavy metal ions by activated
sludge. The relationships between pH value and
biosorption rate of Cu*", Zn>* and Cd*"are all parabolic,
which indicates that there exists an optimum range of pH
value. In strong acidic solution, H" competes for active
biosorption site with heavy metal ions, which impedes
biosorption of heavy metal ions by sludge, and
biosorption amount of heavy metal ions decreases with
acidity increasing. While in alkaline solution, hydrates
formed with hydrolyzation of heavy metal ions
precipitate on the surface of sludge, and can decrease the
biosorption activity. Biosorption rates of Cu*", Zn*" and
Cd** are all higher when pH value varies within the
range of 4-10.

Fig.5 shows the effect of initial pH value on termi-
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Fig.5 Effect of initial pH value on terminal pH value (25 C,
1 h)

nal pH value. The curve in Fig.5 could be regarded as
three segments. For the first segment, terminal pH value
is an up-parabola when initial pH value changes from 1
to 5; for the second segment, terminal pH value is a
horizontal line maintaining about 6.5 when initial pH
value varies from 6 to 10; and for the third one, terminal
pH value changes largely compared with initial pH value
when initial pH value ranges from 11 to 14. Therefore,
the optimum value for controlling initial pH value is
within 6—-10.

3.5 Biosorption behaviors of heavy metal ion by

sludge in single metal ion system

Relationship between lgg and lge, in the system
containing single heavy metal ion fitted by Freundlich
model is shown in Fig.6, where ¢ is biosorption amount,
¢ 1s equilibrium concentration of adsorbate. The sorption
isotherm of Cu**, Zn*" and Cd*" is shown in Fig.7.

Freundlich equation is lgg=IgKk=+1/nX1gc, where K
and » are reaction constants. K could be calculated from
intercept and 1/n could be calculated from slope. The
Freundlich fitted results indicate that correlation efficient
R of Cu*", Zn*" and Cd*" biosorpted by activated sludge
are 0.995 7, 0.970 9 and 0.993 2, 1/n values are 0.421 5,
0.462 4 and 0.397 8 and K values are 0.270 5, 0.200 0
and 0.374 7, respectively. Biosorption of Cu*", Zn>" and
Cd** tends to be chemical adsorption judged by the
values of K and 1/, which illustrates that manipulation
could be carried out intermittently for treating waste
single heavy metal ion (when
1/n=0.1-0.5, intermittent manipulation; while when 1/n

water containing

>2, continuous manipulation).

Fig.7 indicates that biosorption amount of Cu®"
increases with equilibrium concentration of adsorbate,
while that of Zn?" maintains invariable when it reaches to
a certain value.
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The Langmuir isotherm for Cu®*, Zn**, Cd*' is Langmuir model fits better for Zn*" with correlation
shown in Fig.8 From Fig.8 and Fig.6 the Freundlich coefficient R=0.973 98 than Freundlich model with R*=
model fits better for Cu®* with correlation coefficient 0.970 9. Freundlich model fits better for Cd** with
R*=0.995 7 than Langmuir model with R*=0.968 28. correlation coefficient R°=0.993 2 than Langmuir model
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with R*=0.977 42.
4 Conclusions

1) The removal rates of Cu**, Zn*" and Cd** with
low 96.47%, 80% and 90%
respectively using waste activated sludge.

2) Little effect of dosage of activated sludge on the
adsorption of Cu** and more effects on the adsorption of
Zn**and Cd*" are observed. Little effect of temperature is
observed, while pH value and adsorption time exert
important influence on the sorption process. The
adsorption behaviors of heavy metal ions all have
parabolic relationships with pH value. The optimum pH
value is between 6 and 10, and the optimum adsorption
time is 1 h.

3) In single heavy metal ion system, the sorption
process of Cu*’, Zn*" and Cd*" is in accordance with

concentration are

Freundlich model, which indicates that it 1s suitable for
the treatment of these three heavy metal ions using
intermittent operation. The Freundlich model fits better
for Cu®*, Cd** than Langmuir model, the model for Zn*"
is on the contrast.

4) The sorption capacity of the sludge for Cu®" is
preferential to other two ions.
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