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Abstract

As a part of removal of toxic heavy metals from hazardous wastes, solid phase extraction (SPE) of mercury(II) at trace and ultra trace levels
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was studied using 1-(2-thiazolylazo)-2-naphthol (TAN) functionalized activated carbon (AC). The SPE material removes traces of me
quantitatively in the pH range 6.0± 0.2. Other parameters that influence quantitative recovery of mercury(II), viz. percent concentrat
TAN in AC, amount of TAN–AC, preconcentration time and volume of aqueous phase were varied and optimized. The possible m
removal of Hg(II) from other metal ions that are likely to be present in the wastes of the chloroalkali industry is discussed. The pote
TAN-functionalized AC SPE material for decontaminating mercury from the brine sludge and cell house effluent of a chloralkali pla
been evaluated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Mercury is highly toxic and cumulative poison. Mercury
and its compounds especially methyl mercury is a neuro-
toxin and causes blockages of the enzyme binding sites
and interferes in protein synthesis. Moreover, inorganic mer-
cury, especially soluble mercury species, can be transformed
into methyl mercury by the action of microorganisms un-
der aerobic conditions. The safe limits for inorganic Hg(II)
in drinking water and industrial waste water are 1.0 and
0.05�g/ml, respectively. Hence, the contamination of Hg
from brine sludge and effluents of chloralkali industry is
more important compared to wastes from other industries
such as paper and pulp, manufacture of vinyl chlorides,
paints, pesticides, fungicides and cinnabar processing. In In-
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dia, although the industries producing cast alkali have be
switched over to more environmentally friendly membran
based processes still 50% of chloralkali industries are ba
on mercury cell process. Hence, the removal and recov
of mercury from these hazardous wastes assumes increa
importance.

Conventional mercury treatment techniques includ
sulphate or hydrazine precipitation[1,2] ion-exchange,
cementation[3,4], liquid–liquid extraction (LLE)[5,6] and
solid phase extraction (SPE) via carbon adsorption[7].
SPE has several advantages[8–11] over other separation
techniques in view of: (i) trace and major concentrations
mercury present in hazardous samples can be removed w
equal ease; (ii) higher enrichment factors; (iii) reusability o
the adsorbent; (iv) absence of emulsion; (v) minimal cos
due to low consumption of reagents; (vi) ease of automatio
(vii) environmental friendly; and (viii) safety with respec
to hazardous samples. Accordingly, several solid pha
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Table 1
Summary of SPE preconcentration procedures developed for mercury since 1990

S. no. Reagent pH Linear range
(�g/ml−1)

Detection
limit (ng l−1)

Application Reference

1 HMDC mixed with polyurethane foam – – – Na salts [12]
2 Cysteine immobilized controlled pore glass – – – – [13]
3 Biomass/seaweed immobilized in silica gel 5.5 – – – [14]
4 Dithiocarbamate resin – – 0.28 – [15]
5 Foam-PAP sorbent (�g/g) – – 0.1 – [16]
6 Zr-loaded activated charcoal – – – – [17]
7 Dithizone anchored PVP – – – – [18]
8 Dithiocarbamate-loaded polyurethane foam 0.5–5.0 – 120/300 – [19]
9 Crosslinked chitosan 4–10 30–40 12 Waters [20]

10 Methylthiosalicylate functionalized silica gel – 5–1000 – Sea water and Biological samples[21]
11 Dithizone immobilized on

surfactant-loaded alumina
– – – River and tap water [22]

12 Dithizone-loaded silica gel – – 20 Tap water [23]
13 6-Mercaptopurine-loaded

polystryrene DVB (8%) (ng/ml)
5.5–6.0 Upto 19 20 Environmental samples [24]

14 Dibenzodiazathia-18-crown-6-dione
modified C18 silica membrane disc

– – 3 – [25]

extractants have been employed for enrichment of traces
of mercury from dilute solutions. The salient features
of these procedures reported in literature since 1990 are
summarized inTable 1. However, very few SPE procedures
were described for removal/recovery of mercury from real
hazardous waste samples.

Activated carbon (AC) was used: (i) for enrichment of
mercury(II), based on treatment with stannous chloride and
liberated Hg vapour was carried by a stream of air or ar-
gon for subsequent determination by atomic absorption spec-
trometry (AAS)[26]; and (ii) collection of Hg by volatiliza-
tion and trapping in gold trap of an AAS[27]. Nagatsuka
and Taniazaki[28] described an enrichment of Hg(II) over
a pH range of 6.0–8.0 in the presence of pyrrollidine car-
bodithioate onto spectrographic carbon powder. Rao and
Preetha[11] have reviewed various solid phase preconcentra-
tive separation procedures of inorganics using naphthols as
reagents. Hafez et al.[29] described the preparation of 1-(2-
pyridylazo)-2-naphthol (PAN) functionalized chloromethy-
lated polystyrene and has been used for preconcentration of
ng/ml of Hg(II) from natural waters and subsequent deter-
mination by cold vapour atomic absorption spectrometry.
PAN and 1-nitroso-2-naphthol functionalized neutral poly-
meric resins such as Amberlite XAD-4 and XAD-7 have been
used for preconcentration of several toxic heavy metals in-
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2. Materials and methods

Activated carbon, 1-(2-thiazolylazo)-2-naphthol was ob-
tained from Aldrich, Milwauke, WI, USA. All other chemi-
cals used were of Analytical Reagent grade. A Hitachi-220
double beam spectrophotometer was used for estimation of
Hg(II). LI-120 digital pH meter (ELICO, India) was used for
pH measurements.

2.1. Preparation of TAN-functionalized AC

0.20 g of TAN was dissolved in minimum amount of ace-
tone and was poured as a fine stream into 500 ml of water
containing 10 g of AC with constant stirring at room tem-
perature. The resulting solution was stirred for 1 h and was
allowed to settle for 5 min. Then, it was filtered through a
filter paper placed in a Buchner funnel by suction, washed
with water and dried in an oven at 80◦C for several hours
and then stored in a desiccator.

2.2. Solid phase extraction studies and analysis
procedures

0.2 g of TAN-functionalized AC was added to 1.0 l of
aqueous solution containing 5�g of Hg(II) whose pH was
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res
cluding Hg(II) [30]. This procedure has not been applied
any real samples. Further, to our knowledge, there are no
ports wherein 1-(2-thiazolylazo)-2-naphthol (TAN) function
alized SPEs were described for preconcentrative separa
of Hg(II).

This paper reports the use of solid phase extract
1-(2-thiazolylazo)-2-naphthol functionalized activated c
bon for the removal and recovery of Hg(II) from brin
sludge and cell house effluents of a chloralkali indu
try M/s Travancore Cochin Chemicals Limited, Cochi
India.
-

n

t

adjusted to 6.0± 0.20 after adding 10 ml of 1.0 mol/l o
ammonium acetate. This solution was stirred for 10 m
at a stirring rate of∼1400 rpm and the Hg(II) adsorbe
on TAN-functionalized AC was eluted with 2× 10 ml of
1.0 mol/l HNO3. Hg(II) concentration in the eluent was dete
mined spectrophotometrically using Iodide-Rhodamine
procedure[31]. A double beam microprocessor controlle
Hitachi-220 spectrophotometer was used for measuring
absorbances. Metal ions such as Mg(II), Ca(II) and Ba
were determined through standard volumetric procedu
[32].
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Table 2
Effect of time of stirring on percent recovery of Hg(II)

Time (min) Recovery of Hg(II) (%)

10 9.1
60 19.3

120 20.5
240 25.0

Hg(II) = 5 �g/l, AC = 0.2 g.

3. Results and discussion

3.1. Studies with activated carbon

The effect of time of stirring on the removal of 5�g of
Hg(II) present in l litre (at pH∼6.0) by activated carbon
is shown inTable 2. The percent recovery was found to be
∼25% even after stirring for 240 min. The removal of Hg(II)
at a stirring time of 10 min as a function of carbon dosage
by AC is shown inFig. 1. It is clear that a minimum car-
bon dosage of 200 mg of AC was enough for maximum re-
moval of Hg(II) when its concentration was maintained at
2 mg/l.

3.2. Studies with TAN modified AC

The SPE of 5�g of Hg(II) present in 1.0 l of aqueous solu-
tion containing 10 ml of 1.0 mol/l ammonium acetate (pH 6.0
± 0.2) onto 2% TAN-functionalized AC showed quantitative
recovery. Various parameters that influence the recovery o
Hg(II) at trace levels were studied.Table 3shows the typical
results obtained on the removal of Hg(II) from 1.0 l of sample
solutions.

II) c

3.2.1. Effect of pH
The effect of pH on the recovery of 5�g of Hg(II) present

in 1.0 l of solution was studied. Mercury was quantitatively
removed in the pH range 5.8–6.2 (seeTable 3). The low
recovery of Hg(II) in the pH range 5.0–5.5 is due to par-
tial dissociation of Hg(II)–TAN complex due to relatively
high acidity. Furthermore, the low recovery of Hg(II) at
pHs >7.0 is due to the formation of mercuric hydroxide
which again dissociate Hg(II)–TAN complex. Hence, in all
subsequent work, the pH was adjusted to 6.0± 0.2 af-
ter the addition of 10 ml of 1.0 mol/l of ammonium acetate
buffer.

3.2.2. Effect of TAN concentration in activated carbon
The concentration of TAN in AC was varied from 0.1

to 2.0%. The recovery of 5�g of Hg(II) present in 1.0 l of
solution was quantitative when the concentration of TAN in
AC was greater than 2.0% (seeTable 3). Hence, 2% TAN-
functionalized AC was used in subsequent studies. Further, a
minimum of 0.1 g of TAN-functionalized AC is required for
quantitative removal of Hg(II).

3.2.3. Effect of time of stirring
The time of stirring was varied from 5 to 60 min dur-

ing recovery of 5�g of Hg(II) present in 1.0 l of solution
are

e-
f

nder
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Fig. 1. Effect of carbon dosage on the removal of Hg(II) by AC (Hg(
1400 rpm).
f

oncentration = 2 mg/l; pH = 6.0± 0.2; stirring time = 10 min; stirring rate =

by using TAN-functionalized AC. The results obtained
shown inTable 3 from which it is clear that a minimum
of 10 min of stirring time was enough for quantitative r
moval of Hg(II) by TAN-functionalized AC. Ten minutes o
stirring time was used in all subsequent experiments. U
these conditions, the recovery of Hg(II) using AC alone
∼9.0%.
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Table 3
Influence of various parameters on the recovery of mercury from dilute aqueous solutions

Parameter

pH 5.0 5.5 5.8 6.5 6.2 7.5 8.0 9.5
Recovery (%) 5.8 ± 0.1 81.8± 0.2 >99.9 >99.9 >99.9 91.0± 0.2 15.0 ± 0.111.6± 0.1

TAN on AC (%) 0.1 1.0 2.0 5.0
Recovery (%) 67.7 ± 0.1 89.0 ± 0.2 >99.9 >99.9

Amount of TAN-functionalized AC (g) 0.05 0.1 0.2 0.5
Recovery (%) 45.0 ± 0.1 >99.9 >99.9 >99.9

Time of stirring (min) 5 10 30 60
Recovery (%) 90.5 ± 0.2 >99.9 >99.9 >99.9

Aqueous phase volume (ml) 25 50 100 250 1000
Recovery (%) >99.9 >99.9 >99.9 >99.9 >99.9

Hg(II) = 5 �g, pH 6.0, 2% TAN-functionalized AC, 0.2 g of TAN-functionalized AC, 10 min preconcentration time, 1.0 l of Aqueous phase volume.

3.2.4. Effect of aqueous phase volume
The effect of aqueous phase volume on the recovery of

5�g of Hg(II) with TAN-functionalized AC was studied in
the range 25–1000 ml. As seen fromTable 3, the results in-
dicate the quantitative removal of Hg(II) upto 1.0 l of sample
solution.

3.2.5. Adsorption capacity of TAN-functionalized AC
This experiment was carried out by taking a solution

containing 0.5 mg of Hg(II) and 0.2 g of TAN-functionalized
AC and 10 ml of 1.0 mol/l ammonium acetate buffer
was added. The pH was adjusted to 6.0± 0.2 and was
diluted to 25 ml in a 60 ml separating funnel. This so-
lution was equilibrated for 30 min and filtered through
a filter paper. The amount of Hg(II) left out in the fil-
trate was determined by I−–Rhodamine 6G procedure.
The adsorption capacity of TAN-functionalized AC SPE
material was found to be 2.24 mg/g of the adsorbent
which is much higher when compared with the Quinoline-
8-thiol functionalized naphthalene SPE (0.88 mg/g)
[33].

3.2.6. Selectivity studies using TAN-functionalized AC
SPE material

The solid phase extraction of Hg(II) in presence of dif-
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.

together with several alkali, alkaline earth, transition and
heavy metal ions.

3.2.7. Recovery of mercury from brine sludge
The developed solid phase extraction procedure for ex-

traction of Hg(II) using TAN-functionalized AC was applied
for the removal and recovery of Hg(II) from the brine sludge
collected from M/s Travancore Cochin Chemicals Limited.
One gram of brine sludge sample was dissolved in 25 ml of
1:1 HNO3 and heated until it dissolves. The resulting solution
was diluted to 100 ml with deionized water. Fifty millilitres
of this solution was taken, pH of this solution was adjusted to
6.0± 0.2 and 0.2 g of 2% TAN-functionalized AC was added.
The resulting solution was stirred for 10 min and the Hg(II)
adsorbed on TAN-functionalized AC was eluted with 2×
10 ml of 1.0 mol/l HNO3. Suitable aliquots of this eluent was
taken and recovery of Hg(II) using TAN-functionalized AC
SPE was determined by I−–Rhodamine 6G procedure. The
recovery of Hg(II) by the developed preconcentration pro-
cedure was compared with the liquid–liquid extraction–cold
vapour atomic absorption spectrometer (LLE–CVAAS) val-
ues (seeTable 5). The recovery was found to be >99.8% in-
dicating the quantitative removal of Hg(II) from brine sludge
sample using the developed SPE procedure.
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ferent amounts of extraneous ions using 0.2 g of 2% TA
functionalized AC was investigated and the results are sho
in Table 4. It is clear from the table that none of th
species that coexist with Hg(II) do not interfere. Thus, TAN
functionalized AC selectively separates Hg(II) when pres

Table 4
Selectivity studies using TAN functionalized SPE material

S. no. Interferents Tolerance limi

1 Na, K, Mg(II), Ca(II) and Ba(II) 0.02 (mol/l)
2 Co(II), Ni(II), Mn(II), Cu(II), Zn(II),

Cd(II), Pb(II), Al(III), V(V), As(V)
and Cr(VI)

10( mg/l)

Hg(II) = 5 �g/l, 0.2 g of 2% TAN-functionalized AC, stirring time = 10 min
-
n

t

3.2.8. Recovery of Hg(II) from cell house effluent
Suitable aliquots of cell house effluent collected from M

Travancore Cochin Chemicals Limited were taken and
pH was adjusted to 6.0± 0.2. The preconcentration, elu
tion and determination by I−–Rhoxamine 6G procedure we
carried out as described in Section 2. The recoveries w
found to be >99.8% using both SPE–spectrophotometery
liquid–liquid extraction–cold vapour atomic absorption sp
trometric procedures (seeTable 5). The Hg(II) concentration
in cell house effluent was found to be∼1.60 mg/l.

This investigation reveals that >99.8% Hg(II) can be
contaminated from brine sludge/cell house effluent and qu
titatively recovered by elution with 2× 10 ml of 1.0 mol/l of
HNO3. Further, the SPE material can be reused for rem
or recovery of Hg(II) from brine sludge/cell house effluen



A.M. Starvin, T.P. Rao / Journal of Hazardous Materials B113 (2004) 75–79 79

Table 5
Recovery of Hg(II) from brine sludge and cell house effluents of chloralkali industry∗

S. no. Description of sample Hg(II) added Hg(II) recovered∗∗ Recovery (%)

Present method
(SPE–spectrophotometery)

LLE–CVAAS∗∗∗

1 Brine sludge (�g/g) – 128.0± 1.0 128.0± 1.0 –
60.0 188.0± 2.0 100

120.0 250.0± 3.0 101

2 Cell house effluent (mg/l) – 1.63± 0.01 1.60± 0.01 –
0.80 2.42± 0.02 99
1.60 3.23± 0.03 100

∗ Collected from M/s Travancore Cochin Chemicals Limited, Cochin, India.
∗∗ Average of three trials.

∗∗∗ Liquid–liquid extraction–cold vapour atomic absorption spectrometry.

4. Conclusions

This study clearly demonstrates the usefulness of TAN-
functionalized AC solid phase extractant for selective extrac-
tion of Hg(II) from Mg(II), Ca(II) and Ba(II) and several
transition and heavy metal ions from dilute aqueous solu-
tions. The removal of Hg(II) was made possible by chem-
ically reacting with solid TAN-functionalized AC. Further-
more, the results clearly demonstrate the usefulness of TAN-
functionalized AC for selective removal and recovery of mer-
cury from hazardous materials like brine sludge and cell
house effluents of chloralkali industry.
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