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In this study, the potential of spent activated carbon from water purifier (Aqua Guard,
India) for the removal of atrazine (2 chloro-4 ethylamino-6-isopropylamino-1, 3, 5 tri-
azine) from wastewaters was evaluated. Different grades of spent activated carbon were
prepared by various pretreatments. Based on kinetic and equilibrium study results,
spent activated carbon with a grain size of 0.3—-0.5 mm and washed with distilled water
(designated as WAC) was selected for fixed column studies. Batch adsorption equilibrium
data followed both Freundlich and Langmuir isotherm. Fixed bed adsorption column
with spent activated carbon as adsorbent was used as a polishing unit for the removal of
atrazine from the effluent of an upflow anaerobic sludge blanket (UASB) reactor treat-
ing atrazine bearing domestic wastewater. Growth of bacteria on the surface of WAC
was observed during column study and bacterial activity enhanced the effectiveness of
adsorbent on atrazine removal from wastewater.

Key Words: Waste activated carbon; Adsorption; Atrazine removal; Column study;
Regeneration; UASB.

INTRODUCTION

Atrazine (2 chloro-4 ethylamino-6-isopropylamino-1, 3, 5 triazine) is one of the
most widely used herbicides. Removal of pesticides from contaminated water by
activated carbon adsorption is considered as one of the best available technolo-
gies (BAT). However, pesticides removal from wastewater containing dissolved
organic carbon (DOC) by adsorption seems to suffer due to nonselective nature
of the activated carbon, which adsorbs both pesticides as well as DOC. This
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leads to the early exhaustion of the adsorbent. This directed the researchers
to search for low-cost adsorbent for the combined removal of atrazine as well
as DOC. Clay minerals, soils, fly ash, inactive biomass, and wood charcoal are
few among low-cost adsorbents which have been used as adsorbent for the re-
moval of various pollutants from wastewater.!'! Wood charcoal proved to be an
effective low-cost adsorbent for the removal of lindane® and endosalfan’® from
the water environment. Recent studies on atrazine adsorption on iron oxides,*
Quartz, Calcite, Kaolinite, and a-alumina® showed that only Kaolinite was
suitable for the adsorption of atrazine.

In the present investigation, performance of waste activated carbon on
atrazine removal from wastewater was studied.

MATERIALS AND METHODS

Materials

Chemicals

All the chemicals used in the present investigation were of analytical
reagent grade (purity > 98%). Rallis India Limited, Mumbai, India, had sup-
plied atrazine of technical grade (purity = 98%). Waters™ Sep-Pak® Car-
tridge (Sep-Pak C18 cartridge with pore size 0.45 um) used for the extraction
of atrazine was procured from Waters (Milford, MA, USA).

Adsorbent

The adsorbent selected in the present study was a waste charcoal. Eureka
Forbs Limited, India, markets water purifier with the brand name of Aqua
Guard in India. Nowadays, such water purifiers are commonly used in hospitals,
commercial and educational institutes, and households to enhance the quality
of tap water. Such a water purifier contains 200-300 g of activated carbon
impregnated with 0.2% silver depending upon the size and capacity of the unit.
The uniform grain size of activated carbon is around 3 mm. The useful life of
activated carbon varies from 6 months to 1 year, and it is then replaced by
fresh activated carbon. Wasted activated carbon from 5-6 water purifiers was
collected. This was used as the raw adsorbent in the present study. Usually this
exhausted activated carbon is thrown away as a solid waste.

Pretreated Adsorbents

A portion of the wasted activated carbon was pulverized and sieved through
the sieves with pore sizes of 1 mm, 500 ym, and 300 um. Two fractions of
pulverized wasted activated carbon (PWAC) of grain size between 0.5 mm-—
1 mm and 0.3 mm-0.5 mm were considered. Wasted activated carbon (without
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pulverization) and pulverized fractions of wasted activated carbon (WAC) were
pretreated. For pretreatment of an adsorbent, about 20 gm of the adsorbent
was taken in a 250 mL capacity glass beaker (Borosil, India) and the adsorbent
slurry was stirred with magnetic stirrer at a slow speed (60—80 rpm) for 15 min
to remove suspended and washable contaminants. The adsorbent was washed
twice with 100 mL of distilled water with slow stirring for 5 min each, kept
in oven for 4 h at a temperature of 150°C to remove any volatile materials
present within the pores of the grain.'®! After cooling, the adsorbent was kept
in a dry container. To prepare acid treated adsorbent, distilled water washed
wasted activated carbon was kept immersed overnight in 200 mL of 1N acid
solution in a 250 mL glass beaker (Borosil, India). Sulfuric acid, hydrochloric
acid, and nitric acid were employed for the acid treatment. The adsorbent was
then washed with distilled water several times to get the conductivity of washed
water about 4 ©S/cm and pH in between 6.8—7.2. Then it was kept in an oven
at a temperature 150°C for 4 h to remove any volatile materials present within
the pores of the grains.l%! After cooling, sieved adsorbent was properly stored.
Details about the type of adsorbent, sizes, and pretreatment employed in the
present study are given in Table 1.

Analytical Methods

Atrazine Determination

Regular measurement of atrazine was carried out in a UV-visible spec-
trophotometer (model UV-160A, Shimadzu, Japan). Atrazine was extracted
from wastewater by liquid-liquid separation process using dichloromethane as
extractant. The detail of extraction procedure is described elsewhere.”! Ex-
tracted atrazine in dichloromethane was measured in UV-visible spectropho-
tometer keeping dichloromethane as blank. The spectra were taken at a range of
220-250 nm keeping dichloromethane as reference. Maximum absorbance was
observed at 228.8 nm. Detectable limit of atrazine by this method is 0.1 mg/L.

Table 1: Detdils ubout the udsorbents used in the present study.
. _________________________________________________________________________________________________________________|]

No. Source Designation Size Pretreatment employed
1 RWAC* RWAC-1 3 mm Distilled water

2 RWAC* RWAC-2 3 mm Hy,SO4(1 N)

3 RWAC* RWAC-3 3 mm HCI (T N)

4 RWAC* RWAC-4 3 mm HNO3(1 N)

5 PWAC* PWAC-1 1-0.5 mm Distilled wauter

6 PWAC* PWAC-2 1-0.5 mm HNO3(1 N)

7 PWAC* PWAC-3 0.5-0.3 mm Distilled water

8 PWAC* PWAC-4 0.5-0.3 mm HNO; (1 N)

#RAWC = Ruw wuste uctivated carbon without pulverization.
*PWAC = Pulverized wuste uctivated curbon.
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Gas Chromatographic Method of Atrazine Determination

Atrazine measurement at low concentration was made in gas chromato-
graph (model GC-14A, Shimadzu, Japan). The procedure followed is described
below.

Sample Extraction

Atrazine was extracted from 25 mL of wastewater thrice by 5 mL of ethylac-
etate each time. Ethyl acetate being lighter than water (specific gravity = 0.9)
remained in upper part of the separating layer. Lower part (i.e., wastewater) of
the content of separating funnel was collected in a 25 mL volumetric flask with-
out filtration, whereas the upper part (ethyl acetate containing atrazine) was
allowed to pass through a filter paper topped with a bed of 2 gm of anhydrous
sodium sulfate kept on glass wool. Wastewater portion was transferred again to
the same separating funnel and the procedure was repeated twice using 5 mL
of ethyl acetate each time. Final volume was adjusted to 10 mL using dry nitro-
gen gas before analysis in gas chromatograph. Extraction efficiency of atrazine
by this process was 93 + 0.55%. Electron capture detector (ECD, Radioisotope
Nuclide %3Ni) and 1.5% OV-17 column of 3 m length and 1/8” internal diame-
ter using pure nitrogen as carrier gas was used for atrazine determination in
GC. Initial and final column temperature was 210°C, injector temperature was
225°C, and carrier gas flow was maintained at the rate of 70 mL/min. 15 ul
of extracted sample was injected into injection port for atrazine determina-
tion. Detection limit of atrazine was 0.5 ug. Before each run, instruments were
standardized with anticipated atrazine concentration range.

Scanning Electron Microscopy (SEM) of Adsorbent

SEM picture and EDAX analysis of adsorbent was carried out in the present
investigation. Adsorbent samples collected before and after adsorption study
were air-dried and then kept in vacuum desiccators before analysis. The dry
sample was mounted on gold sample holder and coated with carbon in a sputter
coating unit and scanned using a scanning electron microscope (model JSM-
5800, JOEL Company, Japan) at an accelerating voltage of 20 kV. The elemental
analysis of the adsorbent was performed using the Kevex apparatus attached
to SEM (model JSM-5800, JOEL, Japan).

Experimental Methods

Kinetic Study and Screening of Adsorbent

Polyethylene bottles (Tarson Co. Ltd., India) of 150 mL capacity were used
for this experiment. A suitable adsorbent dose and 100 mL of distilled water
spiked with atrazine were taken in such bottles and placed in a rotary shaker
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(INSTIND, India) inside a temperature controlled chamber at an agitation
speed of 145 rpm. The temperature inside the chamber was maintained at
35 £ 0.2°C. The reaction mixture consisted of 100 mL of distilled water spiked
with 5 mg/L of atrazine and an adsorbent dose of 2 g/l. The same volume of
water spiked with 5.0 mg/L of atrazine without adsorbent was also run simul-
taneously as a control. At different time intervals up to 15 h, the samples were
withdrawn from the bottles in self-scarifying mode and were filtered through
Whatman No. 40 filter paper using filtration assembly. The blank was also fil-
tered in the same manner. The filtrates were analyzed for residual atrazine
concentration.

Equilibrium Study

Equilibrium study was performed using bottle point isotherm technique
in a series of 150 mL polyethylene bottles at a constant temperature of 35 +
0.2°C as suggested by Sontheimer, Crittenden, and Summers.!®’ 100 mL of dis-
tilled water spiked with 5 mg/L of atrazine was poured into a series of 150 mL
polyethylene bottles containing varying amounts of adsorbent. The bottles were
placed on the shaker immediately after being filled up with the above liquid.
The contents of the bottles were agitated in the shaker for a period equal to
the equilibrium time determined in the kinetic experiment. A blank with same
amount of liquid without adsorbent was subjected to the same procedure to
serve as the control. After the selected contact time had elapsed, the contents
of the bottle were filtered through Whatman No. 40 filter paper connected to a
filtration assembly.

Fixed-Bed Upflow Adsorption Column Study

The characteristics of UASB influent (atrazine spiked domestic wastewa-
ter) are given in Table 2(a), and the characteristics of the effluent from UASB
reactor, which was the fixed column influent, is presented in Table 2(b). A glass
column of 50 cm length and 1.5 cm internal diameter was used as packed bed
adsorption column in the present study. The bed depth was kept as 20 cm.
Wastewater was passed through the adsorption bed from the bottom to the top

Table 2(a): Churacteristics of raw domestic wastewuter (RDW).
. _______________________________________________________________________________________________________________]

Parameter Value Parameter Value
PH 7.17 £ 0.20 Piota (MY/L) 6+ 1
Alkdlinity (my CaCOs3/L) 353 £ 15 POf(—P (my/L) 341
Total COD 171 + 28 SO;7-S (my/L) 2+05
Soluble COD (Mmy/L) 142 £ 12 VFA (my/L) 6+2
Suspended solid (my/L) 20+ 5 Fe Nil

VSS (my/L) 15+ 3 Cu Nil

TKN (Mmy/L) 21 +4 Ni Nil

NH;-N 15+ 3 Cd Nil
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Table 2(b): Characteristics of the influent wastewdater to adsorption columns.
___________________________________________________________________________________________________|]

Parameter Concentration
CODsoiuble 27 = 2 my/L

ODroul 29 +£ 3 my/L
Atrazine 2.588 + 0.13 my/L
pH 7.1 £0.05
VFA 11 +£ 2 my HAc/L
Alkdlinity 122 +£ 5 My CuCO3/L
NH3-N 17 +£ 1.5 my/L
PO -P 4.8 £ 1 my/L
SOﬁ‘—S 0.05 £ 0.01 my/L

using a peristaltic pump (model pp 20, Miclins, India) with an overflow rate
of 4.95 m?®/m? - h equivalent to an upflow velocity of 8.25 cm/min. Upflow mode
was selected to minimize the channeling effects inside the column. The flow
rate of wastewater through the column was thus kept the same as that of the
feeding rate to UASB reactor (14.58 mL/min). The empty bed contact time cal-
culated was 2.42 min. Samples were taken at regular intervals until sorption
capacity exhaustion. When effluent atrazine concentration was more than 90%
of influent concentration, the column was regenerated.

Desorption and Regeneration Studies

Desorption study was carried out using the exhausted adsorbent after the
column study. Desorption was done in two steps. In the first step, 100 mL of
distilled water was passed through the exhausted column at the same flow rate
as that of the influent. In the next step 300 mL of 5% (v/v) methanol in distilled
water was passed through the column at the same rate as that of earlier and the
effluent concentration of atrazine was measured. Methanol is a good solvent for
atrazine as well as a preferred food for microbes. The adsorbent was washed
with 1IN HNOs followed by distilled water until the pH and TDS came down to a
normal value. After the regeneration, the column was reused for the treatment
of UASB effluent containing atrazine.

RESULTS AND DISCUSSION

Kinetic Study

Kinetics of atrazine adsorption by various grades of waste activated carbon
(Table 1) is given in Figure 1. Among the various grades of pulverized wasted
activated carbon (PWAC), PWAC-3 (grain size between 0.3 mm and 0.5 mm and
pretreated with distilled water) and PWAC-4 (grain size between 0.3 mm to
0.5 mm and pretreated with 1 N HNOg3) showed almost the same performance.
In all the cases, within the first 1.25 h rapid adsorption of atrazine was observed.
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RWAC = Raw waste activated carbon
PWAC = Pulverized waste activated carbon

3.5 7 Agitation speed = 150 rpm
T Temperature = 35°C
5.0 pH=6.7
4541 —m—RWAC-1, (20 g/L)
I —8— RWAC-2, (20 g/L)
40 —A—RWAC-3, (20 g/L)
—w— RWAC-4, (20 g/L)
1 ——PWAC-1, (0.5 g/L)
3.3 —4—PWAC-2, (0.5 g/L)
' —{>—PWAC-3, (0.5 g/L)
3.0 1 —8— PWAC-4, (0.5 g/L)

Residual atrazine, (mg/L)

0 O T T T T T T T T T T T T T T T T I

Time, (hr)

Figure 1: Kinetics of utrazine udsorption by raw and pulverized waste activated cuarbon.

Removal of atrazine by PWAC-3 and PWAC-4 after 1.25 h was 87.5% and 87.9%,
respectively. After 2 h, atrazine removal was 88.8% and 88.9%, respectively. No
significant atrazine removal was observed after 2 h. Hence, 2 h was considered
as the equilibrium time for further studies.

There was no significant effect of pretreatment with mineral acid on adsorp-
tion capacity or rate. Moreover, pretreatment increases the cost of the treatment
process along with other secondary waste generation, which needs to be at-
tended. Hence, among the eight grades of adsorbents, PWAC-3 was selected
for further studies, which required only distilled water washing. In subsequent

431



432 Ghosh und Philip

Table 3: Adsorption rate constunt for different adsorbents.
. _________________________________________________________________________________________________________________________|]

Adsorbent Rate constant (mg/g/h'/?) Contact time* (h)
WC 0.2626 2.0
RWAC-1 0.0945 2.0
RWAC-2 0.103 2.0
RWAC-3 0.1027 2.0
RWAC-4 0.1251 2.0
PWAC-1 5.6273 1.25
PWAC-2 8.5618 1.0
PWAC-3 8.6877 1.0
PWAC-4 8.7479 1.0

*Contuct time up to which the kinetic duta plotted for the determination of rate of udsorption
show lineuarity.

sections, PWCA-3 is designated as waste activated carbon (WAC) unless other-
wise specified.

Adsorption rates of various adsorbents are given in Table 3. The rate con-
stants were determined by considering the linear portion of adsorption kinetics
data as entire data range did not fall in a straight line. Similar trend was ob-
served by other researchers while studying cadmium adsorption onto various
low-cost adsorbents!® and biosorbents.!1% Results show that the adsorption rate
varied considerably with grain size of waste activated carbon employed.

Equilibrium Study
Atrazine adsorption onto WAC from atrazine spiked distilled water fit well
with both Freundlich and Langmuir isotherms and is shown in Figures 2 and

7 Adsorbent = Waste activated carbon (WAC)
1.20 4 1nitial atrazine = 5 mg/L in distill water
115 _] Temperature = 35°C, pH = 6.7

| Contact time = 2 hours at 150 rpm
1.10 4 K=9.8039 mg/g, n=3.3333

1R =0.9801
1.05

1.00

0.95

log(q). (mg/g)

0.90 4
0.854
0.80

0.75

T T T T T T T T

: —
08 06 -04 -02 0.0 0.2 0.4 0.6
log(C), (ing/L)

Figure 2: Lineurized Freundlich isotherm for utrazine adsorption from distilled water by
wuste activated carbon (WAC).
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0.18 Adsorbent = Waste activated carbon (WAC)
] Initial atrazine = 5 mg/L in distill water
0.16 Temperature = 35°C, pH = 6.7
: Contact time = 2 hours at 150 rpm
0.144  Q,_ =13.947 mg/g

1 R’ =0.9768
0.12 4

0.10

0.08

1/g, (g/mg)

0.06 S
0.04 4
0.02 ~

0.00 , : . ' . T . , . ,
0 1 2 3 4 5

1/C,, (L/mg)

Figure 3: Linedrized Lungmuir isotherm for atrazine adsorption from distilled water by waste
uctivated carbon (WAC).

3, respectively. Isotherm constants are given in Table 4. Adsorption data do not
follow BET isotherm and are not presented in this report. The maximum specific
adsorption capacity (Qmax) calculated using Langmuir isotherm for WAC for
removing atrazine from distilled water was 13.947 mg/g.

Effects of Dissolved Salts and lons on Afrazine Adsorption by WAC

Inorganic and ionizable organic salts present in the water change the
ionic strength of the water and influence the adsorption process significantly.
Atrazine manufacturing plant effluent and atrazine contaminated domestic
wastewater contains manyfold more dissolved organic and inorganic matter
than atrazine contaminated surface and subsurface water. These solutes can
have negative, neutral, or positive effects on the adsorption capacity of the
adsorbent.''-14 It was observed that calcium chloride enhanced the fulvic
acid adsorption in granular activated carbon (GAC),'3! whereas the naturally

Table 4: Adsorption isotherm constants for adsorption of utrazine by WAC.
. _________________________________________________________________________________________________________________|]

Langmuir isotherm coefficients Freundlich isotherm coefficients
Qmax ] R? n K R?
13.947 3.2591 0.9768 3.3333 9.8039 0.9801

unit: Qmax =My/y.
R? = Reyression coefficient.
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Figure 4: Effect of inorgunic ions on atrazine adsorption by WAC.

occurring humic acid had no effects on the removal of polynuclear aromatic
hydrocarbons (PAH)."'2! The result (Fig. 4) showed that there was almost no
effect of calcium ion (CaCls-2H50) on the adsorption capacity of WAC. Pres-
ence of dextrose at a concentration higher than 30 mg/L in the wastewater has
reduced the adsorptive capacity of WAC significantly. Effects of other inorganic
salts like ammonium, phosphate, and calcium on atrazine adsorptive capacity
of WAC were less. These ions are very commonly present in water and wastew-
ater systems. The competition of these ions for adsorption sites may be less
compared to atrazine. Hydrophobicity is an important factor, which affects the
adsorption process significantly. Atrazine is more hydrophobic than all other
inorganic salts used for the present study.

Fixed-Bed Adsorption Column Study

Upflow packed bed adsorption column is used to assess the performance
of WAC in removing atrazine from the effluent of upflow anaerobic sludge
blanket (UASB) reactor treating domestic wastewater in continuous mode of
operation. Although downflow adsorption column is easy to operate, upflow
adsorption column is more suitable for wastewater containing large quantities
of suspended solids. In addition, in upflow adsorption column, the contact
between adsorbent and adsorbate are better compared to downflow-mode.
Considering these points fixed bed upflow adsorption column was selected.
Thirteen grams of WAC was added to the adsorption column to get a bed
depth of 20 cm. The hydraulic loading rate employed in the adsorption column
was 8.25 cm®/min/cm? for which the empty bed contact time calculated was
3.35 min. The WAC (particle size between 0.3 mm and 0.5 mm) used in the
present study had a dry density of 0.41 g/cm?3.
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Breakthrough Curve

The breakthrough curves for both organic matter (in terms of chemical
oxygen demand, COD) and atrazine are shown in Figure 5. The column could
effectively remove all the atrazine from the wastewater for 26 h, which corre-
sponded to a throughput volume of 23 L. As far as the organic matter removal
is considered, the column performance was better. For 72 h, the effluent COD
was below detectable level. Then it gradually increased. The COD value never

2.0 T l T T L} T T T L
1 Adsorbent = WAC "
1.8 9 Column height = 50 cm
1 Column diameter = 1.5 cm
Bed depth =20 cm 20
1.6 Hydraulic loading rate
{ =8.25 cm’/min/em’
144 = 4.95m’/hr/m’ I
—_ — 15
% 1.2 - ~
g E
.d:) 1.0 ~ ~
g 3
S 0.8 - - 10 E
2 i
% 0.6 - i =
0.4 - -5
0.2 =
| —O— Effluent Atrazine
0.0 - —— Effluent COD —0
I T ' T I T I T T I T I T I L} T

T T
0 25 50 75 100 125 150 175 200 225

Throughput volume, (L)

Figure 5: Breukthrough curves for waste activated carbon (WAC) removinyg utrazine und
organic muatter in fixed bed adsorption column.
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exceeded 30 mg/L, which is the effluent discharge standard in terms of BOD.
Here dextrose was the primary carbon source, which is highly biodegradable.
Hence, COD value is almost equal to the ultimate BOD value.

The breakthrough curve for organic matter (as COD) was a steep curve,
whereas in the case of atrazine it was relatively flat. This shows that the organic
matter (used in the present study) is having a higher preference to WAC. This
was evident from the batch studies also. As the organic matter (OM) concentra-
tion increased in the liquid phase, the percentage removal of atrazine decreased.
Itis reported that under the conditions prevailing in waterworks only 20-40% of
the single solute capacity for trichloroethane has been achieved in a GAC fixed
bed absorber at a complete breakthrough of the trace organic compound.!?
When preloaded GAC was used for atrazine removal, the efficiency reduced to
33% compared to virgin GAC.!'¥ In contrast to this, in some isotherm studies,
the solid phase concentration of activated carbon for chlorinated hydrocarbons
was not reduced in presence of humic substances.!' From these studies, it is
evident that the competition for adsorption sites in GAC varies from waste to
waste depending upon the constituent’s chemical composition.

During the column run, until 100 h, the concentration of atrazine and or-
ganic matter (OM) had steadily increased. After this, the effluent atrazine and
OM concentration started decreasing slightly though the column was operating
in the same flow rate as before. This may be due to the growth of microorgan-
isms on the adsorbent surface. They might have degraded the adsorbed OM
and atrazine partially. The OM concentration in the column effluent never in-
creased after 100 h. In case of atrazine, the effluent concentration remained
almost constant for 50 more hours, and then started increasing. Initially the
concentration of OM available in the adsorbent surface might not have been
very high; therefore, the microorganisms must have degraded the atrazine. As
the OM concentration increased, the atrazine degradation decreased. Moreover,
WAC had a high affinity for OM compared to atrazine. Due to this, whatever
traces of OM available might have been adsorbed by GAC, whereas atrazine
came out in the column effluent.

From the column study results, the atrazine removal capacity of the WAC
was calculated by considering the area under the breakthrough curve for the
entire operational period until the column reached break point. In the present
study, break point was considered at the time in which the effluent atrazine con-
centration reached almost 90% of the influent concentration. Throughout the
run, 223.52 mg of atrazine was removed in the column. The specific atrazine
removal capacity of WAC calculated was 17.19 mg/g, whereas the Qu,.x value
obtained from the batch studies using Langmuir isotherm was 13.947 mg/g
for treating atrazine in distilled water. In fixed bed adsorption column, high
concentration gradient of adsorbate is available. In batch studies, the concen-
tration gradient, which is the driving force for adsorption, is much less. This
may be one of the reasons for high atrazine adsorption capacity of WAC in the
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column. Another reason must be the biological degradation. Microorganisms
can grow on the surface of the adsorbent during the treatment of wastewater
containing biodegradable carbonaceous material. There are several reports re-
garding the growth of microorganisms on the surface of the adsorbent during
adsorption process."'>=17 There can be mixed effects on the performance of ad-
sorption column due to the growth of microorganisms. Adsorption of pollutant
generally takes place mainly on the micropores (size 0.5 um) of adsorbent. As
the average size of microorganisms is about 50-100 um, they cannot occupy the
micropores of adsorbent and thus it affects the adsorption process.!'®! Moreover,
due to metabolic activity of the microorganisms, pollutant load on the adsorbent
can be reduced. On the other hand, due to excessive growth of microorganisms
on the surface of the adsorbent, a layer can be formed, which can reduce the
pollutant transport rate from liquid phase to adsorbent through the bio-film. 8!

SEM Picture and EDAX Analysis

To make sure of the biological growth in the adsorption column, samples of
adsorbent were taken before and after the adsorption and were analyzed using
a scanning electron microscope (SEM). The SEM photographs of adsorbents
before and after adsorption are given in Figures 6 and 7, respectively. From
these pictures, it is clear that there was significant difference in the appearance
of the adsorbent surfaces. The white clumps on the adsorbent surface represent
the biomass. The EDAX analysis of the selected spots on the WAC surface was

Figure 6: SEM picture of wuste activated curbon before column udsorption study.
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Figure 7: SEM picture of wuste activated curbon dfter column adsorption study.

carried out. The elemental analysis of the white spot showed that it contained
high concentrations of Ca, Mg, P, S, and Fe compared to the adsorbent analyzed
before column study (Table 5). Even though there was some biomass growth in
the column, there was no clogging or excessive pressure drop in the column. This
may be due to very low concentration of OM available for the microorganisms
in the column.

Table 5: EDAX andilysis of adsorbent waste activated carbon (WAC).

Atomic (%)

Element Before adsorption After adsorption
Nu 16.01 18.55
Al 9.07 3.32
Si 17.38 9.54
S 29.15 32.15
Cu 12.37 15.28
Fe 12.80 15.45
My 0.084 1.43
Ay 3.11 1.55
Cl 0.06 0.31
P 1.02 2.42

Totul 100 100
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Regeneration and Reuse of WAC

Economic viability of an adsorption system depends upon the regeneration
potential of the adsorbent. To know the regeneration potential of WAC, the des-
orption study of the exhausted WAC was carried out. Five percent methanol in
distilled water (v/v) was used as the eluents. Three hundred mL of the above
mixture of solvents was passed through the exhausted column at a flow rate of
8.25 mL/min/cm? and then washed three times with 200 mL of distilled water
in each wash. The eluent was collected and analyzed for atrazine concentration.
The concentration of atrazine in methanol was 641 mg/L, which corresponds
to 86.3% of the total herbicide adsorbed on the column. The OM concentration
in the eluent was not measured as the methanol was contributing so much of
COD. Five percent methanol in water could desorb more than 86% of the to-
tal adsorbed atrazine. The remaining 14% that was not desorbed may be due
to the poor solubility of atrazine in methanol or due to the improper contact.
It may be also due to the irreversible adsorption of atrazine on some adsorp-
tion sites. To see the efficiency of the regenerated WAC, it was reused for the
atrazine removal. The results are presented in Figure 8 (second cycle of oper-
ation). The breakthrough curve followed almost the same trend as that of the
fresh adsorbent. Up to a period of 14 h, effluent atrazine concentration was be-
low the detectable limit. In this case also, atrazine concentration was found to
be decreasing after a period of 116 h of operation. This may be due to the reduc-
tion of atrazine by the microorganisms grown on the surface of the adsorbent.
The specific atrazine removal capacity of WAC in the second cycle of operation
calculated was 13.26 mg/g, which is about 77% to that of the first cycle.
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Figure 8: Breukthrough curve for WAC in first and second cycles of operation.
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Results of adsorption column study before and after desorption (First and
Second cycles of operation) showed that the adsorbent could be reused effec-
tively for the treatment of wastewater containing atrazine as well as COD.

CONCLUSION

Waste activated carbon can be used as an adsorbent for the removal of atrazine
from contaminated water after proper pretreatment. The adsorption data fit
well with both Freundlich and Langmuir isotherm. From Langmuir isotherm,
maximum adsorbent capacity (Qunax) of WAC on atrazine removal from dis-
tilled water was 13.947 mg/g, whereas the column study shows that specific
atrazine removal capacity of WAC from UASB treated wastewater which con-
tains about 30 mg/L of COD was 17.19 mg/g. The adsorbent WAC supports the
growth of atrazine degrading bacteria on its surface and thereby enhances the
atrazine removal efficiency. WAC was able to remove atrazine effectively even
in the presence of other competing pollutants generally present in wastewa-
ters. The WAC can be reused as adsorbent at least two times before its final
disposal.
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