Khan Nadeem. A. Int. J. Res. Chem. EnvWoh 2 Issue 1 January 2012(22-27)

-
\. v I nter national Jour nal of Research in Chemistry and Environment
s Vol. 2 Issue 1 January 2012(22-27)
e | SSN 2248-9649
Review Paper

Various Treatment Processes for the Removal of Absorbable Organic Halides (AOX)
from Pulp and Paper Industry Wastewater

Khan Nadeem A.
Research scholar, Department of civil EngineeridgA Aligarh (U.P.), INDIA

Availableonline at: www.ijrce.orqg

(Received 11" November 2011, Accepted 21% November 2011)

Abstract- Paper and pulp industry is one of the most impdrtadustries in India, not only for Economical
purpose but also for Social purpose. The pulp ampep industry is the world's second largest consuofie
chlorine and the greatest source of toxic orgamdhke discharges directly into waterways. At figkance,

a sheet of paper might seem harmless, closer lopl@er production reveals toxic chlorine bleachengd
reckless logging practices that are devastating fauests, our rivers and lakes, and our health. paper
demand is increasing day by day with put great guwes on these industries. When residual lignin from
wood fibers and chlorine/chlorine compounds re&eint absorbable organic halides (AOX) is generaited,
the bleaching process. They are proven very cagegne and mutagens, bioaccumulative. (AOX) can cause
severe effects on the health of people and wildlifd are implicated in local and global outbreakls o
cancer, impaired reproduction and development, imenguppression, and other diseases. This paper
reviews the various Physical, chemical and eled¢temcical methods reported to remove AOX compounds
are available and also different types of aerol@inaerobic and combined biological treatment proesss
have been developed for treatment of pulp and papkrstry wastewater. There is a growing need for
modernization and introduction of energy efficiamd clean technologies for enhancing competitivenes

and productivity
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Introduction

Paper manufacturing is a highly capital, energy and
water intensive industry. It is also a highly ptilhg process
and requires substantial investments in polluti@mtiol
equipment. In India, around 905.8 million m3 of erats
consumed and around 695.7 million m3 of wastewiter
discharged annually by this sector. India’s currantrage
fresh specific water consumption of about 150 mBi&of
product is far above the global best specific water
consumption of 28.66 m3/tonne (for large scale wbasked
pulp and paper mill) and this large gap is prinyaril
attributed to the use of obsolete technology / gapeints and
poor water management practices.

Plenty of published literature is available on
various physical, chemical and biological treatment
technologies that have aimed at removing AOX arlduro
from pulp and paper mill effluents. Physical tecjugs
include adsorption, ultrafiltration, nanofiltrati@nd reverse
osmosis. Chemical treatment entails processes sch
neutralization of bleach effluent, advanced oxfati
processes (ozonation, peroxidation, photocatalgsid)
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supercritical water oxidation. Precipitation/coagidn has
been studied for different types of pulp mill eéhts using a
wide variety of coagulant®. Alkaline sulfide and alkaline
hydrolysis processes have been reported to aclmaxtél
removal of AOX compounds through nucleophilic
substitution by sulfide and hydroxide groufg. Major
limitations of the above listed physico-chemicalthogls are
cost and generation of secondary pollutants (aisgons or
sludge). An emerging technology is the
reductivedechlorination of AOX compounds using zero
valent metal (ZVM) and bimetallic systerfis?. Although
such reactions are very efficient and faster, ttesgnce of
inhibitory co-pollutants may lead to the drastiduetion
Precipitation/coagulation has been studied for
different types of pulp mill effluents using a wigariety of
coagulants®®. Alkaline sulfide and alkaline hydrolysis
processes have been reported to achieve partiavednof
AOX compounds through nucleophilic substitution by
sulfide and hydroxide group$®. Major limitations of the
above listed physico-chemical methods are cost and
generation of secondary pollutants (air emissianslurge).
An emerging technology is the reductive dechlororabf
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AOX compounds using zero-valent metal (ZVM) and
bimetallic system§*2.

Although such reactions are very efficient and
faster, the presence of inhibitory co-pollutantsyrtead to
the drastic reduction of catalytic activity of métasystems
thereby precluding their field scale applicatiorerébic and
anaerobic biodegradation of AOX compounds, in paldir
PCP have been studied in great defh**® While
biodegradation may prove economical, requirements f
specific environmental conditions (methanogenicsualfate
reducing) in case of anaerobic degradation and long
acclimation and retention times restricts its figfiplication.

Over the past two decades there has been growing
interest in the application of electrochemical noelhfor the
treatment of potable water and industrial efflueladen
with highly recalcitrant pollutants. Chéff’ published an
exhaustive review article on the development, desigd
applications of various electrochemical technolegiach as
electrodeposition  for the recovery of metals,
electrocoagulation and electroflotation for the oeal of
suspended solids, oil and grease as well as csllaid
electro-oxidation for the removal of refractory anic
pollutants. Zhou et af?” observed a synergistic effect on
COD removal using a fluidized electrochemical reathat
integrated electrochemical oxidation and adsorptimm
fluidized activated carbon into a single cell. e ttombined
process the model organic pollutapthitrophenol could be
directly oxidized at the Pbanode surface or adsorbed onto
activated carbon followed by oxidation. Ge et &P
developed a bipolar electrocoagulation — electtafion
process for the remediation of laundry wastewat&ise
investigators sandwiched aluminium plates betwesno t
titanium electrodes with opposite charges®*Aproduced
from the anodic corrosion of aluminium enabledré@oval
of pollutants by charge neutralization and enmestine
the cationic hydroxide precipitates while the ufire
bubbles of @ andH generated at anodic and cathodic sides
of Ti, respectively, encouraged separation (flowgtiof the
flocculated sludge. COD removal efficiency of 70%asw
noted while 90% removal of turbidity, surfactantdap-
phosphate were achieved. TezcanUn et®8l.employed
electrocoagulation method using iron or aluminium a
electrodes in the presence of 2.3%0kas the oxidant and
0.5 g L-1 of polialuminium chloride as the coaguigt
agent for the treatment of olive mill wastewatel$he
performance of the iron electrode was better in ganison
to that of aluminium with 62-86% reduction in CORda
100% removal of oil-grease and turbidity. Yavif?
investigated electrocoagulation and electrofentogthads
for the treatment of pretreated distillery wasteawatising
iron electrodes. Electrocoagulation was ineffectineer the
experimental conditions used by the authors. Onacther
hand, electrofenton achieved COD and TOC removal
efficiencies of 93% and 89%, respectively, usin@M.
Na,SO, and 60 g L-1of KO, at pH 4. Panizza et af”
compared direct and indirect electrochemical oxihabf a
synthetic solution containing the basic dye, methgl blue.
Direct oxidation was carried usingthe boron-dopesndnd
anode through eneration of hydroxylradicals whildiiect
electrolysis was accomplished through electro gatiwer of
active chlorine species on a TiRu@xideanode.
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Indirect electrolyses achieved faster mineralizatiand
decolourization of the dye solution. electrocherhica
oxidation/reduction can be direct (by sorption on
anode/cathode followed by direct electron transfer)
indirect (through formation of reductive/oxidatigpecies)

in nature. Electrochemical reduction of chloropHsmehich
constitute a major fraction of AOX involves sequant
dechlorination resulting in the accumulation of heit
partiallydechlorinated and/or hydrocarbon end pobduch
as phendf>28!

On the other hand, complete destruction of
chlorophenols can be achieved by electrochemical
oxidatiod® Reactions involving electrochemical reduction
are generally carried out in a divided cell whidtessitates
the provision of cathode and anode separating nemebr
However, membranes may be fouled when appliedHer t
treatment of actual wastewater thereby limitingirttield
scale application.

In this respect electrochemical oxidation offers
flexibility since it can be achieved in divided on-divided
cells 241 The extent of follow-up treatment of
electrochemically treated effluent depends mainty the
type of anode and reaction conditions (such as ).
sacrificial anode such as iron or aluminium resuhs
formation of electrochemical slud?e made up of aewi
variety of metal-hydroxide specié¥’. On the other handa
non-sacrificial anode eliminates the generatiorcteémical
sludge. Thus, electrochemical oxidation processes
employing undivided cells and non-sacrificial anedeay
be simple in operation and low in operational cost.
Electrochemical treatment of diluted/undiluted \easters
such as olive oil mil***istillery ®4 and, tannery*” has
been demonstrated using NaCl (440 g L-1) as an
electrolyte as well as a source for theproductiboxadative
chlorine species.

However, to the best of our knowledge there is very
little information on the electrochemical remediatiof PCP
or AOX in actual pulp bleaching wastewater, medialg
indirect oxidative route. In the present investigas we
have evaluated an electrochemical treatment mefbrothe
removal of PCP from water since this is one of thest
toxic pollutants in the AOX fraction. Subsequentiye
extended the process parameters to removal of P@R f
actual pulp bleaching effluent. The major objectivé our
investigations were to: (a) study the efficiencyedoval of
PCP fromwater by electrochemical treatment usinGINes
an electrolyte since chloride ions constitute méjaction of
anions present in pulp bleaching effluent (wheemeantal
chlorine is used for bleaching). (b) Study the @ffef
current density and elucidate the mechanism of PCP
removal and (c) extend the application of electemuical
method for removal of PCP spiked into raw or piesed
pulp bleach effluent. To avoid problems relateddigided
cells and sludge generation, we conducted expetgieran
undivided cell employing a non-sacrificial anodeaphite.
Also electrolyte was not added into pulp bleachafifuent
in order to minimize the concentration of dissohsadids in
the treated effluent.

The findings from the Canadian research
programme coupled with observations made in thaidal
sector focussed attention on natural plant compsnen
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particularly those capable of interfering with thedocrine
systems responsible for hormone synthesis and wietah
Landner et al. (1994) suggested that natural stedsent
in the wood such a&- andp -sitosterol could be a factor
since administration of these compounds to fishuded
similar responses to pulp and paper mill effluexposure.
This theme was also taken up by Tana et al. (198%)
noted that a proportion of these chemicals extcadtem
wood would not be cycled through the recovery psecbéut
would be passed to the bleach and effluent tredtpiants.
The current situation is analogous to that prewgilafter
regulatory initiatives to control BOD and COD diactes in
the 1980's and before. Removal of BOD from efflsdetd
to improvement in recipient quality, but allowedeth
identification of effects due to other agents pnesi

discharges, specifically organochlorines, which had
previously been obscured. Progressive reduction of
organochlorine loading similarly, has allowed the

identification of yet further impacts due to ottedremicals.
(see: eg. Owens 1991). In fact, laboratory studgesarly as
1941 had established that it was possible to messel
mosquito-fish using artificial hormones. It was oged in
1991 that androstenedione, androstanol and spaotorie
could achieve the same result. In 1978 it had lveparted
that phytosterols present in tall oils recovereahfrwood
could be converted by microbes to steroids. Taltonsists
of 25-25% phytosterols. Hence, the total phytostero
production by this route alone in the US was edtohaat
20,000 tons. (see: Davis and Bortone 1992). Thasees
changes can be produced by exposing fish to kraft m
effluent, although the authors do not specify whetthis
was derived from a chlorine chemical bleach lines &
result, there are now two distinct elements to debate
about environmental protection from pulp and paper
operations. The Canadian findings have prompted the
industry into large scale questioning of the utilibf
reducing AOX emissions any further. For example rééy
(1994) cites the opinion of scientists in the Nordountries
and Canada that reductions of organochlorines bé&lévkg
AOX/ADT pulp represents an inefficient use of resms.
The precise basis for this view is obscure. Malim¢ral.
(1994) advance a similar viewpoint in their anaysf the
future of the industry in Finland. The views subsemly
diverge markedly. While Malinen et al. (1994) prepche
development of treatment plant to address the wakid
problems, Myreen (1994) considers that total efftuiee
(TEF) production is now accepted by the industryttees
decisive step towards environmentally friendly pw@pd
paper production. In light of the Canadian findirage the
realisation that all pulp mills can emit endocritisruptive
chemicals on a large scale, closure of the mittutis may
be seen as an environmental imperative for thesingua
theme taken up and discussed by Albert (1995byndst
geographical areas there appear to be clear preseht
likely future environmental, market and fiscal intiees to
move towards TEF production.

Anaerobic treatment is a technically simple,
relatively inexpensive technology and consumeslelitt
energy. It also requires less space and produsesalaount
of sludge. Anaerobic micro-organisms can be preskrv
unfed for long periods of time without any serious
deterioration of their activity. The nutrient rerpment for
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anaerobic treatment is low. It is less sensitivetdgic
substances. Hence, it is proving to be a viablenelogy for
pulp and paper wastewater treatment. It can renatagit
75-85% of the BOD and 55-65% COD in pulp mill
effluents. The major treatment methods include @iae
lagoon, anaerobic contact processes, UASB, fluitlized,
anaerobic filters and hybrid processes. The corsparpf
the published data is difficult due to differences the
bleaching processes, nature of the bleach effluemiisthe
proportion of the chlorination and extraction stafftuents
are mixed. However it can be said that the efficyenf
anaerobic lagoons is very low. The UASB and contact
processes are the most widely applied anaerobiterags
(Allen and Liu, 1998). Now-a-days, high rate adwehc
anaerobic reactors are being increasingly used.r&tiew

of the existing technologies shows that anaeraigiatinent
process is the only viable option for dechlorinatad highly
chlorinated compounds. It is resistant to shockisoand the
efficiency is increased with addition of a cosuatdr
However, all anaerobic systems have been foundeto b
highly unstable with respect to AOX loading rates.
Moreover, higher AOX loading is inhibitory to mettagens

in the digester. Also, the treatments are unablectoove
fish toxicity of the effluents, in particular witthe CTMP
and TMP effluents. The poor removal of resin antlyfa
acids appears to be one of the important reasons fo
insufficient detoxification of pulp mill effluents\s a result,

all the full scale anaerobic systems are currenigd as
primary treatment processes. To produce a non-toxic
effluent and to further reduce BOD loading, two gsta
anaerobic—aerobic processes have been introducethdo
pulp mill effluents. Anaerobic treatments may albe
coupled to physical or chemical treatment such as
ultrafiltration or reverse osmosis. These methoalgeehbeen
extensively tested for the treatment of recyclingtev in
zero effluent operations and for kraft mill effldecolour
and AOX removal (Allen and Liu, 1998). Hence, iutbe
said that, anaerobic treatment remains the mastteland
economically viable method of AOX removal at prasen
However, new strategies need to be used to improve
biodegradation of chlorinated organics and henceXAO
during treatment.

The generation of AOX measured in effluents from
both rayon grade pulp and newsprint industries belew
1.0 kg AOXI/t paper. The degradation of AOX in bigial
treatment plant observed is more than 70% andethed bf
AOX measured was further reduced below 0.50 kgftepa
in final discharge. The higher reduction of AOX timese
categories of industries compared to writing anihtjgy
paper industries may be because of low initial eotr@tion
of AOX in influents. (v) The generation of AOX memsd
varies from 2.0 to 5.30 kg AOX/t paper. The lowafue i.e
2.0 kg was measured in relatively modern industdnit-5)
employing RDH pulping, oxygen delignification with
chlorine dioxide in bleaching processes. In genetia
generation of AOX in writing and printing paper ugdries
varied from 1.92 to 5.32 kg AOX/t paper. The degtazh
of AOX in biological treatment plant varies from @165 %
and the level of AOX in final discharge reducednfr@.0-
5.3 kg to 1.0 - 2.65 kg of AOX/t paper in theseegatry of
industries. The variation in performance of ETPriemoval
of AOX may also be due to initial high concentratiof
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AOX in terms of mg/l due to varying quantity of \eat
consumed per tone of paper. The main reason of Ieigh
of AOX may be because of use of high dosage of cudde
chlorine due to high carryover of organic matteyngiwith
pulp to bleaching section and also requirement igh h
brightness of end product. The results of AOX as=sgs
indicate that the generation of AOX at source igdpin the
industries using modified pulping and bleachingcesses,
where the generation of AOX is about 2.00 kg whish
further reduced to 1.00 kg/t paper in final dis¢fear

The performance of algal treatment for pulp mill
effluent decreases with increasing color intenaitg AOX
content, which mainly originate from the chlorinkedching
of Kraft pulp, the separated CEH bleaching efflugas pre-
treated by both the conventional and the heteragene
catalytic ozonation processes. An increase in the
BOD5/COD ratio from 0.11 to 0.28 and 87% color
abatement in s of Pt—-Co were achieved by catalytic
ozonation, which had the best treatment performance
Biodegradability enhancement of the CEH effluent
correlated well with a decrease in toxicity, higlecular-
weight-compound content, and AOX abatement. Bypitee
treatment of the CEH bleaching effluent, the oueral
efficiencies of algal treatment of the combined ppuill
effluent in s of the fractional removal of COD andlor
were increased from 76% and 53% to 86—90% and 9699
respectively. Effects of both the conventional ati
catalytic ozonation pre-treatments on subsequenodical
treatment were close to each other and they redtioed
filling period of the Sequential Batch Reactor (SBfycle
from 8 to 5 days.(Merits of ozonation and -catalytic
ozonation pre-treatment in the algal treatment wp @and
paper mill effluents .The bench scale results @& finst
phase of this research demonstrated that the NaBH
reduction is a viable method for color eliminatiaith no
sludge produced. The batch kinetic study of NaBH
pretreatment indicated that 97% color decrease 4inh2
followed first-order kinetics with respect to soudiu
borohydride consumption and the reaction rate emnsvas
evaluated at 0.6 h-1. Subsequently in the secoadepbf
the experiments, the pilot plant of an innovativeemical
and biological reactor system was investigated. plaat
consisted of two 20-| reactors operating in thechhahode
for the overall residence time of 6 days. In thetfreactor,
chemical hydrogenation with NaBHvas performed for 1
day and resulted in a color and COD reduction b @ind
35%, respectively, and increased BOD up to 85%. No
significant change in TSS was observed. The chdiyica
treated effluent was then subjected to a biologisédation
reaction in the second reactor for further treatmeith a
residence time of 5 days. The results indicatedifstgnt
decrease in BOD (99%), COD (92%), and TSS (97%).
Consequently, a combined chemical and biologicattien
system appears to effectively decrease the colavedisas
BOD, COD and TSS, in contrast to the conventional
techniques such as aerated lagoon and activatetyjesiu
systems in which color reduction is not observetie T
economics of the pilot scale implementation of aBN4
color reduction treatment process for 97% color aeah
was estimated to be in the range of 0.001 US dp#ariter
of the most highly colored wastewater sample.
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Huge efforts have been made both in adopting more
environmental-friendly  bleaching processes, and in
developing advanced oxidation processes and mteetiet
biological treatments for the reduction of delaias
impacts of paper mill effluents. Even so, the sasa& such
treatments is frequently reported in s of chempzabmeters
without a proper evaluation of the effluent's tatyic
mitigation. This is the first study reporting anhexistive
evaluation of the toxicity of a secondary bleackeaft pulp

mill effluent, after either tertiary treatment withe soft-rot
fungi Rhizopusoryzae or with a photo-Fenton oxiolati
using a battery of freshwater species. As it hambeported
the photo-Fenton/UV treatment has proved to bentlst
effective in reducing the colour and the COD (chmhi
oxygen demand) of the effluent. Nevertheless, extig
low EC50 values were reported for almost all specidter
this tertiary treatment. The treatment with R. @e/avas less
effective in s of colour removal and COD reductidmut
proved to be the most promising in reducing toyicithe
effectiveness of a biological treatment with Rhiasqryzae
and of a photo-Fenton oxidation in the mitigatidriaxicity

of a bleached kraft pulp mill effluent, Black liquand
bleach effluent from an agroresidue based pulp and
papermill were treated anaerobically to reducertiégh
chemical oxygen demand (COD) and adsorbable organic
halide (AOX) contents. Addition of 1% wi/v glucoskeided
80% methane from black liquor with concomitant retthn

of COD by 71%, while bleach effluent generated 76%
methane and produced 73 and 66% reductions in AQK a
COD, respectively. In the absence of glucose, blaplor
and bleach effluent produced only 33 and 27% methth
COD reductions of 43 and 31%, respectively pulp papler
lignin and other color compounds are removed byribel
agents in bleaching process. Use of chlorine-baggmhts
results in production of degradation products whitdiude
various chloro-organic derivatives. Since these new
compounds are highly chlorinated, they cause al@nofn

the treatment of pulp and paper industry wastewater
Chemical precipitation, lagooning, activated slydgad
anaerobic treatment are the processes used foingeaulp
and paper effluents. Furthermore, a combinatiortheke
processes is also applicable. In this study, tlikiesft of
Dalaman SEKA Pulp and Paper Industry was examioed f
its toxic effects on anaerobic microorganisms bgesabic
toxicity assay. Additionally, this wastewater wampked to

a sequential biotreatment process consisting ofigftow
anaerobic sludge blanket as the anaerobic staga ande-
through completely mixed stirred tank as the aeraiage.
Results indicated that: (1) Dalaman SEKA Pulp aagd?
Industry wastewater exerted no inhibitory effects the
anaerobic cultures under the studied conditions| &)
application of a sequential biological (anaerolegin
aerobic) system to treat the Dalaman SEKA Pulp Rayder
Industry wastewater resulted in approximately 91@DC
and 58% AOX removals at a HRT of 5 and 6.54 h for
anaerobic and aerobic, respectively. The purposehisf
present study is to investigate the removal efficie of
chemical oxygen demand (COD) from pulp and paper
wastewater using laccase-polymerized membranetfotn
process. The membranes with molecular weight dut-of
(MWCO) of 5000 and 10,000, 30,000 and 54,000 weezlu

in a cross-flow module to treat the pulp and paper
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wastewater containing high phenolic constituents @OD.
With 2.98 IU/L of activated laccase applied at room
temperature for 180 min, the contaminants in raw
wastewater and second effluent were polymerizetbmm
larger molecules with average molecular weight3@d and
900 Da (Dalton), respectively. With laccase polyiaegion
prior to filtration, over 60% removals of COD byetliour
investigated membranes were observed, comparedlavith
COD removal without laccase polymerization. Moregve
the addition of laccase resulted in 4-14% reductidn
membrane permeability during the first 180 minrdition
operation due to gel layer formation by the polyizsgion.
No further flux decline was observed afterwardsidating
the steady state was reached and the membranes lweul
used to remove the polymerized pollutants without
significant fouling. The maximum apparent resis&anc
occurrence for raw wastewater treated with laccalse
supported the effectiveness for COD removal wittcése
polymerization before membrane filtration. Additadly,
pretreatment by inactivated laccase only causatidurflux
reduction without additional removal of COD.

Two basidiomycetous fungi (Meruliusaureus syn.
Phlebia sp. and an unidentified genus) and a
deuteromycetous fungus (Fusariumsambucinum Fuckel
MTCC 3788) were isolated from soils affected with
effluents of a pulp and paper mill over severalrgedhese
isolates were immobilized on nylon mesh and the
consortium was used for bioremediation of pulp aager
mill effluent in a continuously aerated bench-tapréactor.
The treatment resulted in the reduction of colgmih and
COD of the effluent in the order of 78.6%, 79.0%dan
89.4% in 4 days. A major part of reductions in thes
parameters occurred within first 24 h of the treatitnwhich
was also characterized by a steep decline in thefpthe
effluent. During this period, total dissolved saliatlectrical
conductivity and salinity of the effluent also regired
marked decline. It is pertinent to note that thlisthe first
report of bioremediation of pulp and paper millleght by
an immobilized fungal consortium. Bioremediatidnpalp
and paper mill effluent by a novel fungal consortiu
isolated from polluted soil a, The research atteaho find
the optimum condition for color and total COD retioic in
wastewater from the pulp and papermill industry using
electrocoagulation techniques in batch and contisuo
modes. Six pieces of iron plates constructed inalfer
configurations were used as electrodes. The efiedtey
parameters including the type of polyelectrolyteyrent
density, initial pH of the wastewater, and the waliating
flow rate of wastewater in the reactor were ingegéd. The
results indicated that the polyelectrolyte had fiect on
pollutant removal. At optimum conditions, greatearn 97%
of color and 77% of total COD were effectively rerad
with a total operating cost of approximately 0.280Jm3
wastewater. First order rate kinetics best expthiniee
reduction of color and total COD concentration, thedel
fitting the actual data very well. For the continsomode,
the treatment process reached the steady statdtioand
within 2.15 h and the efficiency of color and to@DD
reduction was greater than 91% and 77%, respegtiVéle
properties of wastewater including color, total CEHDD5,
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TSS, TDS, pH and iron ions content were in the eanfgthe
acceptable values of current Thai Government standa
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