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The application of an electri'c current was used to invest~gatethe
removal of heavy metals from a,dewatered wastewater municipal sludge.
Electric current application enabled the removal of Nickel, Chromium, Zinc,
and C o p p e ~fiom sludge samples. Distilled water was introducid,to the
electro-kihtic cell used for the study to compensate for cathodic effluent. As
a conse&etice of electric current application, the amount of collected cathodic
effluent,& fluctuations, and electrical conductivity variations of the cdllected
catho'dic efhueit were investigated and found to be governing factofs for the
application of the process. Approximately 40% of Nickel removal was
achieved whileremoval of other investigatedmetals ranged from 5 to 8%
'during the experimental run. Removal rates of different metals and 'power
consumption during the experimeinial run were also investigated.
'

'

Sludge generation from wastewater treatment plants iseipected ,to be
permanently growing with population growth, enhancement o f tr;atmetit?units
efficiency, the construction of new plants and the expansion of existing'ones.
Use and disposal of municipal, wastewater sludge include landfilling,
incineration, land application, coniposting as shown in Table 1 (U.S. EPA,
1987).
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'The main sludge constituents that can be potentially harmful to crops,
animals and humans are: (1) heavy metals as Cd, Pb, Cu, Zn and Ni; (2)
Regulated organics as polychlorinated biphenyl and dichloro-methane; (3)
Pathogens as bacteria, virus, protozoa and helminths; and finally (4) excess
nutrients as nitrogen, phosphate, and potassium. Primary and secondary sludge
commonly undergo further treatment, i.e., thickening, dewatering, aerobic or
anaerobic digestion in order to reduce sludge volume and pathogens content.
The amount and characteristics of sludge vary from one treatment plant to
another depending on the characteristics of the incoming sewage, either
municipal or mixed with industrial waste, and the nature of the treatment
process. Typical ranges of heavy metals concentration in municipal
wastewater sludge are shown in Table 2.
An investigation of heavy metals partitioning showed that metal
speciation varied significantly from one sludge to another and that the organic
and residual fractions were the principal metal binding phases, this was
consistent in sludges from different climatic zones as in Canada, U.S. and
U.K. (Ravishankar et al., 1994). A similar study suggested four main
components of the sludge: particulates, biofloc, colloid, and soluble. The
studied copper, nickel, and zinc were held: ( 1 ) 85-95% in the biofloc
(bacterial detritus), 5-15% on the mineral grains and organic fragments of the
particulate fractions, and (3) not more than 3% in soluble and colloidal
organic matter (MacNicol and Beckett, 1989). Particulate form of heavy
metals may exist in either hydroxide form, organic complexes, andlor sulphide
precipitates (Caldwell and Anderson, 1993).
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Several methods were investigated for metals removal from sludge as
by lowering the pH (Fristoe and Nelson, 1983), or through indigenous sulfuroxidizing bacteria present in the sludge that decreases sludge pH due to
sulphate generation by sulphate producing bacteria (Sreekrishnan et al., 1993).
While temperature variation affected the rate of bacterial growth thus the
degree of pH reduction, it was found that at constant pH metal solubilization
was the same (Tyagi et al., 1994). Electric current application to municipal
sludge was thus used for reducing the pH of the sludge pore fluid and was
beneficial i n heavy metals removal. The acid front generated due to hydrolysis
and hydrogen ions generation advanced towards the cathode faster than the
transport of base front toward the anode resulting in a decrease in the pH of
the cathodic effluent (Mohamed and Saleh, 1997).
Electric potential was also applied for heavy metals removal from
contaminated sites (Alshawabkeh and Acar, 1996; Eykholt and Daniel). It is
anticipated that the amount of metal removal from the sludge will directly
increase the period of sludge application to land where cumulative metals
concentration is the governing factor. The recommended cumulative limits for
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metals applied to agricultural land in k g h a will differ with the type of soil
and shall not exceed 560, 280, 140, 140, and 5 for Pb, Zn, Cu, Ni, and Cd
respectively for a soil cation exchange capacity less than 5 meq / 100 g as
would be the case in soils with low clay content mainly from kaolinite ( U.S.
EPA, 1983). In this paper, the removal of heavy metals from the studied
sludge was investigated showmg effluent pH variation, rates of metals
removal and electric power consumption.
Matelids and Methods
Municipal wastewater sludge was obtained from the City of Montreal
wastewater treatment plant applying a physico-chemical treatment process
using ferric chloride and anionic polymer for the sedimentation process.
Sludge samples were preserved at 4OC, heavy metals concentration in
collected sludge samples are shown in Table 3 . Electric potential was applied
to the sludge using regulated DC power supply connected to the anode and
cathode of the plexiglass cylindrical cell (50 mm diameter, 75 mm height).
A constant voltage of 2 6 . W was applied to the cell filled with approximately
200 grams of dewatered sludge.
Gas generation occurred in the cell and this evoked the need of using
a hydraulic head arbitrarily chosen 300 mm to ensure continuous flow of
distilled water to the cell thus preventing back flow. Distilled water was
introduced to the anodic slte of the cell and the effluent was collected at the
top of the cathodic site to allow gas release with the flow. The experimental
run was conducted on fresh sludge samples under coupled hydrodynamic and
electroosmotic effects.
Metals concentration in the collected cathodic effluent were analyzed
using Perkm Elmer atomic absorption spectrophotometer 3 110 (AAS). Nickel,
chromium, zinc, copper, cadmium, and lead concentrations that are regulated
heavy metals of concern for land application of sludge were investigated,
other related p.:rameters were also determined.

Results and Discussion
The results of the experimental investigation conducted in this research
work represents a most successfd case foy heavy metals removal from
municipal sludge using electroosmotic potential compared with several cases
previously investigated by the authors. Different conditions of sludge age and
acid addition to help mobilizing the precipitated metals from the sludge were
previously investigated and the results were accordingly published (Mohamed
and Saleh, 1997). While in this study a close approach to the most s ~ c ~ e s s f u l
case of study for heavy metals removal was conducted showing rates of heavy
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. m 6 t . d ~collection at the cathodic site of the electro-kinetic cell dsed through
the experiments.
.. . ,
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The ambunt of cathgdic effluent collected under the effect of electric
current application and the aforementioned experimental conditions is shown
in Figure 1. The amount of collected effluent decreased with time till
approximately 50 hours of current application, where the collected volume
was very low and was considered as the end of the experimental run:
Meanwhile, the variations in pH of the collected cathodic effluent shown in
&ure 2 showed a sharp deciease at the first phase of operation due to
excess1,ve gas generation upon hydrolysis of pore fluid near the electrodes.
~ h ' e f l . pH
0 ~ reached 4.20 at its lowest value and the remo"a1 of heavy metals
w& ittributed to this pH lowering within the sludge pore fluid resulting in the
di&of"tion
. ,
,
of the metals from the precipitate form within the sludge. Gas
genecation decreased with time and therefore cathodic effluent pH started to
indreise to reach around 6.00 at the end of the experimental run consequently
the removal of heavy metals was expected t o be adversely affected.

The cumulative electrical conductivity shown in Figure 3 converged
to a limiting value indicating less dissolved solids removal from the system.
This value appeared to be in accordance with the calculated electrical
- cqductivity of the sample discussed hereafter. Variations in el~ctrical
conductivity &th time shown in Figure 4 also indicated a sharp decrease in
,
: dissolved solids concentration in the effluent that may be a limiting factor in
the operation of such system that is also influenced by pH reduction.

:

Analysis of heavy metals content of the raw dewatered sludge showed
that cadmium was not detected in the sludge. As this metal is of most concern
ii; land application prbcesses regarding its potential to prese~t:.phytotoxicity
&blehs, strict and controlled discharge limits are possibly'the cause of its
absence in the sludge. Concentrations of all otlier studied heavy metals were
within the range for typical sewage sludge shown in Table 2.
Removal of Nickel, Chromium, Zinc, and Copper from the sludge was
successfully achieved and their cumulative concentrations in the cathodic
effluent are shown in Figures 5 ' & 6. Rates of metals removal tend to decrease
with time except for Nickel that was relatively constant through the
experimental run. While these curves did not converged to be parallel to the
abscissa thus reflecting excessive removal of these metals, other governing
factors as low cathodic effluent collected and rising pH of the system may
imply termination' of the electric current application. Removal rates for Ni
reached approximately 40% while Cr, Zn and Cu removal ranged from 5%
to 8%.

Field strength, current intensity, and duration of application are all
important parameters in the electrokinetic analysis of metals removal and
were used to estimate the power consumption. The system run 53.5 hours
during which 1985 ml were collected, the yield was calculated as the total
'
flow collected per unit power consumption as follows:
Power consumed P = IV = 19.80 Watt (summation of variable I by V)
Resistance of the sample R = V2/P = 35.47 Ohm
Electrical conductivity of the sample o = L/(A*R) = 0.255 Slm = 2.55 mS1cm
Total Power Consumption (TPC) = 1.06 kWhr
Yield = QRPC = 1.985 1 1.06 = 1.87 liter 1 kWhr
where P = power consumption (Watt), i = current intensity (Ampere), V =
current voltage (Volt), R = sample resistance (Ohm), o = electrical
conductivity (Slm), L = sample length (m), and A = cross sectional area of
sample (m'). Calculated electrical conductivity of the sample was similar to
the measured value to which the experimental run diverted thus correlating
between experimental investigation and the expected cell resistance as
calculated.

Electro-osmotic potential applied to municipal wastewater sludge
successfully led to the removal of heavy metals as influenced by pH decrease
within the sludge. The amount of cathodic effluent and the variation in
effluent pH and electric conductivity were all investigated and were found to
represent limiting parameters in the application of the system to sludge for
heavy metals removal. Meanwhile, the amounts of Ni, Cr, Cu, and Zn
collection in the cathodic effluent were quantified to show their rates of
removal under the investigated experimental conditions and Nickel mobility
was found to be higher than all other studied metals. The system power
consumption was estimated, also the calculated and measured electric
conductivity value for the sludge sample in the electro-kinetic cell were'found
to be matching.
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Table 1 Sludge DisposaliUtilization Practices (% of dry sludge solids) for Different

Sizes of Wastewater Treatment Plants
Plant Size
Landfill
Incineration
Land application
Markcling
Oceun IXsuosa:
Other

Small
31
1
39
II
1

Medium
34
1
38
17

Large

12
32
21
19
4

'

Total
15
27
24
18
4

Source: U.S. Iil'A; 1987

Table 2 Typical Heavy Metals Concentration in Sewage Sludge (mgkg)
Component
Cu

Zn
NI
Pb
C'd

# of ~amples

205
208
165
189
189

.

Range
84- 10,400
101-27,800
2-3,520
13-19.700
3-3,410

Median
850
1,740
82
500
16

Mean
1,210
2.790
320
1,360
110

Table 3 Sludge Heavy Metals Conccntration

Zn
PI)

Cu
pll

'

677 (mgkg)
1330 (mgkg)
1206 (rngkg)
6.74

Cr
6875 (mgkg)
Ni
1497 (mgky)
Cd
Not Detectcd
Solids contcnt 30%
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Figure 1 Cell collected cathodic effluent as a function of time

1,

4.00 .
3.00

<

>

8

500

8

8

.I

s

8

t

1000

8

1557'

'

Collected Volume a t Cathode (ml)
Figum 2 pl l \:~riat:rm with collected cathodic clTlucnl

' 21

~

"

'

500
~

'

"

l 1000
"

'

l

'1500
c

2000

Cathode collected permeate (ml)
Figurn 3 Electrical conductivity variation with collectc cathodic effluent '

F i p m -I Electrical conductivity variation with timc of current applici~tion

Figure 5 Ni & Cr concentrations in the cell effluent
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