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 Introduction
The rapid increase in population and the 
increased demand for industrial 
establishments to meet human 
requirements have created problems 
such as over exploitation of available 
resources, leading to pollution of the 
land, air and water environments. The 
pulp and paper industry is considered as 
the third largest polluter among various 
industries.  The effluents from the 
industry cause slime growth, thermal 
impacts, scum formation, color 
problems and loss of aesthetic beauty in 
the environment. They also increase the 
amount of toxic substances in the water, 
causing death to the zooplankton and 
fish, as well as profoundly affecting the 
terrestrial ecosystem. The most 
significant sources of pollution among 
various process stages are raw materials 
preparation, pulping, pulp washing, 
screening, bleaching, and paper 
machine and coating operations. 
Among the processes, pulping 
generates a high-strength wastewater 
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especially by chemical pulping. This 
wastewater contains wood debris and 
soluble wood materials. Pulp bleaching 
generates most toxic substances as it 
utilizes chlorine for brightening the 
pulp. Since last two decades, bleaching 
of pulp has become an issue of great 
apprehension primarily because of the 
environmental hazards caused by 
release of adsorbable organic halides 
(AOX). The main sources of pollution 
in paper industry are shown in Figure1.

Fresh water requirement in a paper 
industry 
T t r i lh ur h a n a pap r mi l e o ce of fr s w e es e
is s y wa er an o some u a s ace t d u ll urf t

e tent r d d pe d g x g oun water e o t e , n in n h
ava i a o . il b lit d l l na y n oca co diti ns
S wat r i d ourface e in part cular oes n t 
me t t  i paramet re h desired qual ty e s d e an
t e, to be ti y herefor condi onehas d b
filtering an coagulation d/or hemic l c a
a f l i n s qnd l and ub u t occu at o se ne
se e se. d mentation befo u F b li r or oi er 
house use and i pap  n p ci lt ers e.g.s e a y 
pho ograt ph eic base pap r, electrical 
insulation paper tt ro i r p pe  r c ga e e a
production, th t i fe fres wa er e ed h s so t n
and/or s e de a ith hlinated/ deionized. W t
l d s ti t ount of fre h mi e am wa er 
avai a ity, w- ays t is r so rl bil o a-d , h e u ce n
m e s d f ci l I en r e ust b u f i e al, the e ent y. n g
f int ill r t n o m i ir d esh wat r ake a s f t usee s

Raw material 
preparation 

The soils, dirt’s and pith are separated during 
depithing in case of sugarcane bagasse and water 
is used to  clean the raw materials. Thus, the 
waste water from this source contains suspended 
solids, BOD, COD, dirt, grit and fibers etc.

Digester house

 
The waste water generated from digester house is 
called black liquor. Black liquor contains residual 
alkali, dissolved lignin,  degraded hemicelluloses 
and celluloses and other extraneous materials, The 
waste water contains resins, fatty acids, colour, 
BOD, COD, AOX, VOCs (terpenes, alcohols, 
phenols, methanol, acetone, chloroform etc.  

Pulp washing
 

The waste wa ter from the washing contains high 
suspended solids, BOD, COD, and dark brown in 
colour.  

The waste water generate d from bleaching 
contains dissolved lignin, carbohydrate , colour, 
COD, AOX, inorganic chlorine compounds like 
chlorate, organo chlorine compou nds such as 
dioxins, furans, chlorophenols, VOCs (such as 
acetone, chloroform, chloromethane,
trichloromethane etc.

 

Pulp bleaching
 

Paper making The waste water generated from papermaking 
contains particulate waste, organic compounds, 
inorganic dyes, COD, acetone etc.

Figure1: Pollution from various sources of pulping and paper making
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fo e i s s r er c lin th t i t i t d t itoo g n di bu o s 
pr c n u r d c lo ess co me s e er ire or s y ith t
a e g. e e are on a ft r f r e e ru th r h atin Th ly 
f f e h t n iew s wa o s s mo err er c umer n d n 
mills:
 Ch i l n dil tem a re ara o oc p p ti n a d u i n 

s s s,y tem
 Se g wat r con m rs m y alin ( aie su e nl

v m ) and a uuc m pu ps
 Hi h t g ess pra for pr ur fele s ys 

conditioning.

Contaminants in process water and 
its effect on quality of paper
The majority of water used in a paper 
m i l l  i s  p r o c e s s  w a t e r  o r  
recycled in the different water loops of 
the water circuit of the system before 
disposal. The process water is 
'produced' in the thickening and 
dewatering stages of the papermaking 
process. Due to its contents of solid, 
colloidal and dissolved substances, the 
quality of the process water is lower 
than that of fresh water.
Major process changes in paper 
production in the last two decades are as 
under: 
 Dearth of cellulosic fibers compels 

the paper industry for increased use 
of waste/ recovered paper 

 Shifting from acidic (alum-rosin) 
sizing system to neutral/alkaline 
(AKD/ASA) sizing system 

 Reduc t ion  in  f r e sh  wa te r  
consumption and augment use of 
recycled water wherever, it is 
possible after treatment 

These changes in the process led to 
various problems due to increasing of 
detrimental substances in the water 
loops.

Detrimental substances from 
different sources 
 Raw materials: resin, lignin 

derivates, bark and pith
 Freshwater: humic acid (increases 

in rainy season),
 Broke and recovered paper: 

coating binders, glues and 
adhesives, 

 Additives: fatty acids or silicates, 
starch and others.

 Some other sources of detrimental 
substances are described in Table1.

A lot of problems are caused by these 
detrimental substances throughout the 
whole paper- making process such as
 Reduction in efficiency of 

additives, 
 Reduction in optical properties like 

brightness
 Reduction in mechanical strength 

properties
 Poor sizing (alum-rosin sizing) but 

not matters in case neutral/alkaline 
sizing. However, it can be 
mitigated by reverse sizing i.e. use 
of paper makers' alum first.

 Bad odour due to microbiological 
activities and it can be mitigated by 
proper use of biocides and by 
proper aeration in water loop.

 Negative effects on drainage and 
drying: It can be minimized by use 
of drainage aids 

These entire factors are responsible for:
 Reduced paper machine speed. 
 Deposits and foam generation 

causing defects in paper as well as 
resulting in paper web breaks. 

 Detrimental substances (anionic 
oligomers and poly tes  el c s e t oly ar
well non on c d ol o s) as i hy ro c li id
are known as anionic trash and are 
measured as c t onic demana i d by 
po o a o n l e ectr l e titr ti n i a y yl t
s r at i g curr c or as e m n ent devi e 
ch ic l g dem nd CODem a ox en a ( ). y

 I rg nic d ed ub t e  no a ssolv s s anc s i.e.i
sal s ar m asur as in e et e ed c, e r as d 
c d ton uct vi yi . 

 S t are  a l o  a l s  ( Inorganic)  s
d t m al the o ss e o ri ent t pr ce
pe forman and po ent al o he r y ce t i f r tl
pap r pro er ie es. p t

 E ct o y es re uc h swel ng l t d e t e lie r l
p t nt al of ib r nd o e f e ai s 

 Ch d e p cia y e d tl i e or s e s o ll l a
c s of ma so ro on ch ne artr i i p .

T e o o e s s eh c nten f d t imen al ub tanc s t tr
in ap il wat r ci t tems p l eer m rcui sys
d p the ends on e: 
 Input f materio raw als
 Output ding thr te b blee oug wasy h 

wat l as well he er di posa b ts as y 
deg tr r to th perr o nsfe e f l pa , ee f a ina

 Lo no gn a dp desi , 
 Adoption of k ney te nolog es in id h ic

the mil . l
F r diffe ent pp i ation uch o r a c s s as l , 
s e i s prays n the pape machin oi r l d, s
( a l f b r fine d l r ) in tm in y i e s an fil s he s e, 
pr a r l di tu bi nd ocess w e are a so s r ng at
ha e to b  be e ter iv e removed for th wa s e 
u dse . 

Minimizing water usage
Cooling water network

The amount of fresh water used for 
3cooling may be around 6 m /t of paper. 

Recycling this water in the fresh water 
network to the paper machine presents 
real advantages due to the higher 
t e m p e r a t u r e .  T h e r e  a r e  n o  
disadvantages because the only 
modification in the physico-chemical 
quality of the water leaving the cooling 
circuit is an increase of temperature. 
The cooling water network should be 
fed by the fresh water system and 
recycled to the raw water tank of the 
paper machine. If necessary, the 
cooling water system can be partially 
closed; in this case, a cooling tower for 
reuse is then required.

Preparation and di lut ion of  
chemicals
The water quality used for the 
preparation of chemicals should be free 
from ionic impurities because 
pollutants introduced in this step will 
greatly affect the efficiency of additives 
added during stock preparation. The 
preparation of chemicals should be 
made with clean fresh water. Some 
chemicals (size chemicals and resins) 
need dilution prior to sending them to 
pulp flow. The contact between the 
water of dilution and the chemicals 
before their contact with the pulp is 
very short. It is then possible to use 
clarified water instead of fresh water for 
this application.

Paper machine showers
Clear or super-clear white water from 
the save-all is increasingly used in 
showers in wet end part of paper 
machine (Wire pit and couch pit). The 
use of clarified water to feed wire 
showers requires adequate showers and 
nozzles: shower cleaning equipment, 
with an internal brush or other purging 
equipment is also necessary. To avoid 
plugging of the nozzle due to 
dysfunction of the save-all, water 
distribution to such showers should go 
through a protective in-fine strainer, 
preferably of the slotted type and 
equipped with an automatic purge. The 
opening size of this filter should not 

Chemicals Sources 

Sodium silicate Peroxide bleaching, deinking, recovered paper 

Polyphosphate Filler dispersing agent 

Polyacrylate Filler dispersing agent 

Starch Coated broke, recovered paper 

Humic acids Fresh water 

Lignin water, lignosulphonates, 
hemicelluloses 

Chemical and mechanical pulp 

Fatty acids Mechanical pulp, deinking 

 

Table 1: Other sources of anionic trash in fresh water



IPPTA  J. Vol.23, No. 4, Oct. - Dec., 2011  163

thexceed 1/6  of the spray nozzle 
diameter. To avoid plugging the nozzle, 
the particle size is more important than 
the consistency. The use of clarified 
water to feed felt showers needs a 
stronger filtration step and a specific 
study must be carried out to ensure that 
the use of process water will not affect 
the felt plugging. The industry 
s t a n d a r d s  f o r  s h o w e r  w a t e r  
consumption are given in Table 2.

Sealing waters
Sealing water used for circulating 
pumps can represent a high use of fresh 
water. Pump constructors propose 
i n t e r e s t i n g  a l t e r n a t i v e s  w i t h  
mechanical seals or dynamic water 
tightness. Vacuum pumps also need 
large quantities of sealing water. A 
recycling loop is recommended for part 
of the vacuum pump sealing water with 
integrated cooling and solids removal 
systems. Paper machine vacuum 
pumps that recycle used sealing water 
must have strainers and in the case of a 
high recycling rate, cooling systems in 
recycling lines to maintain a high 
vacuum. It is important to note that 
some of the paper mills use clarified 
water as sealing water.

Water loop systems (1)
Th b ct v s of th atee o je e wi e r loop 
systems ar re ie to ff r the qu r d o e e
olume r e and q i of ate r v a w r foat u l ty 

each c n u er n o tr t nd eed o s m a ea a od t r bl/
o e e r l ut wat r con a ing d t imentat in
s su t nceb a s. Com e y c ep tel l lo d water s
loops n h i n tm an g that re w se i t o a e e s 
w o e a ea er r duc at ll d s w et d a n f h at r p r
(as make-up water) th f fe o s y ere re i onl d 
at h u at a t r d t e am v l me e s ovs e o er i is m e
b va or tion in the dr r ty a y ec i n e p e o of s
t p pe ch e d th e ehe a r ma n n wi thi a rej cts 
l l. r loop systems eav g i t iln he m A atew
of a er m sua y s pap ill u i cludell n
d t if er w oops: f en ater l
 P la ep r machine water oop systems 

i c u e roa f w n d  (a) the ap ch lol p
s s m an he white  y te d (b)  t
wa e sy ms- white t ste I (WW- ) and r I
wa e sy ms-t s te I I  (WW- )  r  I I
(Figure2)

  In de nked pulp productioi n two or , 
three e oo wat r p systems are l
required i t e t repa on.  s ock n h p rati

Water loop systems in a paper mill is 
shown in Figure2.
En -o -pi e tr atment for e oud f p e bl d- t 
wat taken n a was e w t r er s i ai t e
tr m t pe t lant so that it may be used at a en
appropriate place. There are s e iom ma n 
pri c ple ha to b o e i orden i f llo d r s ve e w n 
to e a e loop tems  ma age th w t r s sn y
s c s full : u ce s y
 E ci op ep rat n,  f n o s afi e t l io i.e.

t ns r c f m nra fe in st k o or g o r e 
p c l p t t e f l nro e s o o h ol g e s o owin o
o g s e cn a t  h h  c n t nl i iy  o s y  
( ef b 30 h h e n t pr ra l ) w ic m a s ae y % , 
l r t t n rd to , w wa e co e o e o t n n i r 
a o e t t pov o h g a es s e id t t re ibl, s
d g ee s r ng e m t l e , a fe tr e ar tr n r i d i n
s c fr ate l p ubstan e m ne r o ts o o w o o 
t f ll nhe o o in ew . g o

 Ap c on of co n urrent pli ti u e ca r t
f o aning fre h a er i ed l e t ddw m s w s a, 
o a t m e, x s n t he ape ch c sl p r a in e ey 
wat om m t nle fr ch oo s y e r ea l p u o b
s t b ck ard a d t t ie w n e a r n a s wa es w s 
di l hs os d f o om t st oop o n f e fir l p e y r
i i t l q lin f ber pr p ra ion t u te a ( owes a y 
w e . at )r

 N m n of at f m if reo x g w oi i r r d fe nt e
p du io lin s n mills he e ro t n wc e i r
m n p er iore tha on ap a hin s e m c e 
o ratpe ed 

 No i g o w r ro e nm in at f m d ff e t x f e i r
fib pr p ati n ne nd or pule or e ar li s a / p 
p par ti n pl ntre oa a s 

 U of kidn e o gi s se ey t chn o e fol r 
r e l d d or  mova l  o f  o i s  n /s a
d trim t st cee en al sub- an s 

 A e s ng o e w ed qu te izi f th ata r 
bu f r e ch t r o n f r l p ie s fo wa e oa

a a e with t e s oc agccord nc h k o e t t rs
v vo ume o oi ng un o rol f a di c t lled s r n
o er s n a u -v ow i st t owfl rt- p hu d n , s
o a c e s e r ar per ma n h b e k p hi et 
si io . t suat n

 White water loops system (2) 
Th w e o p ee hi te at w r loop f a p r a
m contains it at rs a ine ch  (a) wh e w e
loop-I WW- ) a d (b) it at rs ( n wh e w eI
loop-II WW-I ) and th sa all uni( e vI e t- . 
WW- co in fr m t c n I m o w r e g out h i s tioe e 
of the paper machine i r tly se to s di ec  u d 
di e he t k o f er he ma hlu t oc fl t t int s w a c e 
c n th a p ch h t or blending chest es e ri p oa
f o s em a d ol w sy t n f r diluting the pulp 
coming from constant level box in fan 
pulp (to bring down the consistency of 
stock from 3% to 0.7%). WW-II 
o gi e a o ro fo m nr nat l m thi r is s f e g 
s ctio d o y e n (couch pit) u ad nallb t iti
fr e p ss ec r o oom t e on aft eh r s ti ( er m val f 
f ua w th o ee , , lt h ir us ll i a b w cr n)a s y s e
f br k t i ke ing and m he ro tm h fro e c n o
ove ow o WW-rf f a l 1. WW-II is sent to 
b ffer ank o s s d au f m the i t t and r r t i u ee 
th end o to e a n ie t  f s ck p at o o er p r i d lut
st rom c n is to ock o te c ( ) f n 10-12s y %
s ag s s y to e con enc 3-4% in raw pulp r ti (
chest sh ng and dilu n) n o tia d f r slu g i
b o . o o WW-  r ke An am un f I  e t and hI t
tr m in f m e r ng ect on re i m gs o fo s ar t mih i
fe av n -d to th s e-all . e u Sa eit (Krofta) v
al a  a al c n tocl h du fu i s n o s k t : (a) 
r cov y which is mixed with the pulp e er
present in blending chest waand r te
clar aific on It is recommended to use ti . 
a a e a t e n a rt c ed s s v e aii filt r - ll r ati g c n 
v t o of WW- y f r g lum b il in ie II te
t m t. h g f berou h a i r a I dd ti n tn a i o o 
c oud an ear f l rate d sc r l d l i t i filty c e, 
save a produces a s e c ear f ate - ll up r l iltr
w ve y i l id t T ith r ow sol s conten h s . 
s r c ear filt ate i u d a f esh upe l r a rs se s 
w a t e r  u b i t f o r  s r a y  s s e  t u t p
a ca ions in the paper machineppli t . 
The ear f ra e is tored in a buff r c s el ilt t
tank e oud fi rate is usuall fed . Th l ltc y y 
dir ctl back to he in e o h di c e t e sy l t f t
filter th se " sweetener including , e " , u d
the reco e ed t ck is fe ack o he v r s o , d b t t
thick toc n e a proach f os k i w th p l
s tem i d air fl ta ion e ys ssolve o y. D t t p

*= Optimize according to felt RPM and felt weight so that value meets the industry 
standard (Source: Voith).

Table2: Consumption of showers water by felts in different parts of 
paper machine

Shower water in liter per min Pick-up Pick-up Top-3 Top-3 

High pressure oscillating showers * * * * 
Uhle box lube-I, * * * * 
Uhle box lube-II, * * * * 
Chemical showers * * Not required Not required 
Industry standards shower water liter 
per kg of felt per min 

0.05-0.10 0.04-0.07 0.03-0.04 0.02-0.03 

 

Figure 2: Water loop systems in a paper mill (source: Voith)
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save-all ar u d o a-da s hs e se n w- y w en a 
c a n degree of ash and fi es ert i n
remo al from he procev ss is t
demanded In thi ca e the ludge of . s s s, 
t the i d air fl ta ion i re ected. d ssolve o s j
The a vantag of di c filter sa e- ll d es a s v a
co par d t a i d air fl ta ion m e o ssolve od t
sa e all are hi her filtr t a it no v g a e y- qu l , 
ch mical consumption nd l pace e a ess s
requirement. 
There are two rea ons for cess of s ex
water pre ent i th a er machine s n e p p
loo . (i) he paper machine loop is p t 
continuou l fed ith fr h wa e uses y w es t r d , 
for spra ing an chemica dilu ion. (ii) y l d t
th c t t t te in oming a r conten of he ock w e s
i hig e (consi tenc ) than he s s y %h r 20-22 t
wa er content n the s eet afte the press t i h r 
sectio ( onsist nc up o % ann c t 48 d e y 
m r ) .  T h io e s  e c e s s  w a t r  x e
is sen , in he orm o c a a e, from t t f f le r filtr t
t ll unit b ck rd -up he sa e a a wa s as makev , -

at t h t k pr p ati n t uw er, o t e s oc e ar o , h s 
fol owing e co e e rincip e. l th unt r curr nt p l
Th m k up te i of t n  is  a e wa r  s  e-
a y ea e n a i d air dditionall tr t d i d ssolve
fl ta ion w ao t ith coagula ion nd t
f cc a o c em ca s n o er o lo ul ti n h i l i rd t
rem d tri n l b ta b f rove e me ta su s nces e o e 
f di i b - rdee ng t ack wa s. 

Water loops systems in stock 
p eparation r
Water loop s ste of paper mill y m a 
consis s of onl o e ater loo  when t py n w
chemic l pu p i th onl fiber source or a l s e y 
in low r qua t packag ng paper e y ili
production. For s s ms using y te
r co ered paper the s rict separa ion of e v , t t
t e at r loop in tock reparation h w e s s p
from th aper machine loop is e p
e sential in der to t high s or mee
runabilit and qu lit demands b cauy a y e se 
thi strateg keep detr m ntal s y s i e
s s eub tances from he pap r machine. t
Depending on the required quali of ty 
the p e ared i er stock and thu on he r p f b ts 
d p pesign of the tock re aration s stem, s y
the water  s s em n he tock loop t i ty s
pr p i te arat on can have one to three a er w
loo s The loo s ar separa ed y he p . p t b te 
t d inhickening ewater g proces stag s / s e
( isc fi e us wi e press or scred lt r pl r w 
p ) f lt thress . The i rates of ese stages are 
sent ackwar s for o rpose in b d diluti n pu s 
t e  same loo t e excess wah p h ter , 
(u u l l l t th dis al y ear fi tra e from e sc c
filt ) pl i th pr d l per re en shes  e ece ing oo . 
A w er ank usua y fe y ater buff t ll d b clear , 
filtr t th i filter ia e from e d sc n (Stock 
Preparation Loop-I) SPL- , avo s I id
u controll d e fl t h a te n e ov r ow o t e w s
w e ea en an W s e wa r s at r tr tm t pl t a t te i. 
di po d of from th fi t r loop as se e rst wa e s 
filtrate fr j nd ludom re ect a s ge 
t c n th e ilt thi ke ing as es f ra es are of low , 

q a y Us a y t ey a e trea eu lit u ll h r t d . 
h i ll ic emically mechan ca y n a /

di d air fl ta ion unit. Depen ing ssolve o t d
o es wate consump ion, a n the fr h r t
certain amoun of h s reated fi trate t t i t l
can e rec cl o the rocessb ed int py . 

L mitation of total loop closure i
T e ax e z e w er h m imum r utili ation of th at
em o e s e y e vapl d i limit d b th rious y
detrim nt l ub t ce in the procee a s s an s ss 
wa  in process ter. Their concentration
w a t e r  i s  m e a s u r e d  a s  C O D  
c ncent ation. o r  T her th  he hig e w te la r 
sy m i o CO n (s e s , e more g t l ed th D is c k
C s o O ) oa ed D per tonne of paper i d intl
t s eh p p i f bei l d he a r n te d ng b i t e e a o n o t
w s e w s a t ate h s e d to a r.  T ai l
di opor ionat c as i r os e va us p t in re e n r i
p em du o  t men arob l t r i l  s  e  de t
s s yub an e n e e l h us c . Co s e mt qu nt t lti-, 
l sy em o a a e s oop t f h c p p g es s r gr p i r rad
n o o h c un e t ow-a- a s w e o e nd f ll t t r curry
pr n d art y us t wai ci n p i r ple a e circu tl e
c accor e ey leani in to t kidng d g h n
principle. S t i possible t duce the o i s reo 
s e i mi io s o p cif c water e n down tss

u n8-10 l/kg of paper. F rther, closi g 
w u o i ea f o ncr s n s old lead t ed amou t
detrime t l t nce . Thi ld n a ub a s wous s s 
neg ti ct pr d u lit e.g.a el aff o u t q  v y e c a y; 
d ed o ca o r aecr as e es e pti l pr p ti nd 
i c d tickie d d c nt t n r n irt o enease s s a as 
w y s e a o e ll ru b bls nna ilit pro em n th
p p r mac in ch e d ho r a e, u s t an s we h a f l es
plu g re uc d t n calg ing e r en o s ing , ed ti , 
a sl ma nn m for t od i e i . 

Case study: Waste paper based kraft 
paper mill (3)
Reducing the effluent volumes to zero 
means that fresh water consumption is 
reduced to approximately 1.5 L per kg 
of paper. Zero effluent concept for a 
packaging paper mill is shown in 
Figure3. The major problems would 
arise from the extremely high amount 
of detrimental substances, which will 
be bled out of the process only by 
transferring them into the paper. The 
only solution to these problems is to 
remove the detrimental substances 
from the process with suitable highly 
efficient kidney technologies. These 

include, in addition to circuit water 
c l ean ing  by  coagu la t ion  and  
flocculation with subsequent removal 
in a dissolved air floatation unit, 
anaerobic/aerobic combinations of 
biological treatment, and different 
membrane filtration technologies like 
micro-, ultra- or nano-filtration down to 
reverse osmosis or evaporation. Some 
packaging paper mills in central Europe 
today run with zero effluent systems 
u s i n g  a  c o m b i n a t i o n  o f  
anaerobic/aerobic biological treatment 
as kidney technology for COD 
reduction. The driving forces for 
reducing the effluent to 0L per kg of 
paper for these mills were unique to 
each mill. In one case there was high 
cost-saving potential by completely 
avoiding effluent fees for disposal into 
a public effluent treatment plant. The 
other reason for complete water loop 
system closure was the lack of available 
fresh water due to the local conditions 
when installing additional production 
capacity. The other mentioned kidney 
technologies are membrane filtration 
and evaporation, are mainly known as 
pilot scale applications as they are quite 
cost-intensive and still not proven state-
of-the-art.
It is important to note that Vaibhav 
Paper Mills, (Waste paper based) Vapi 
(Gujrat) does not discharge a single 
drop of water from last six years. The 
analysis results are given in Tables 4-6.  
It is only possible by achieving over all 
retention about 90% using retention 
and flocculation agents with synthetic 

 

Figure3: Zero effluent concept for a 
packaging paper mill (Source: Voith)

Table 3: Present limits of system closure

System Application 
Specific effluent volume, L/ kg 
paper 

Disturbing effects
limiting further closure 

Graphic paper grades several water 
loops counter current flow circuit 
water cleaning (kidney) 

8-10 Decreasing product quality 
felt shower plugging lower 
particle retention scaling 
slime 

Board and paper packaging grades 3-5 Odor problems (water and 
product) 

Single or two loops   corrosion 

water treatment only for showers  deposits 
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water purification, especially in light of 
advances in their durability and 
throughput. Membrane filters separate 
various materials from liquid based on 
their size. In theory, one could employ a 
one-step filtration with a so-called 
“nanofiltration” system capable of 
excluding even some large monomeric 
ions or a reverse osmosis membrane 
that can exclude essentially everything 
e x c e p t  w a t e r.  U l t r a f i l t r a t i o n  
membranes are rated to exclude very 
l a r g e  m o l e c u l e s ,  s u c h  a s  
p o l y e l e c t r o l y t e ,  w h e r e  a s  
microfiltration systems have pore sizes 
selected to exclude bacterial cells and 
fine particulate matter suspended in the 
water. Throughput is often enhanced by 
a cross-flow design, as in the case of 
tubular filters, providing a means for 
the flow to minimize the caking of 
excluded materials on the membrane 
face. A pore-size category of about 10 
nm is an ideal choice. The membrane 
technology can be used in combination 
with other water treatment measures. 
Conventional pretreatment strategies, 
before membrane filtration, include 
chemical coagulation, adsorption, 
sedimentation, and flotation.
Several authors compare the efficiency 
of (i) ultra filtration and (ii) ultra 
filtration plus dissolved air flotation. 
The results show 54%, 88%, 100% 
removal of TOC, color and SS, 
respectively by ultra filtration alone. 
Ultra filtration plus dissolved air 
flotation results in 65%, 90% and 100% 
removal of TOC, color, and SS, 
respectively. It is also reported that 88% 
and 89% removal of BOD, and COD, 
respectively is achieved by reverse 
osmosis (RO). It is observed that 
membrane filtration (MF), and granular 
membrane filtration (GMF) is suitable 
for removing heavy metals from the 
pulp and paper mill wastewater.

 Coagulation of white water
Coagulation and flocculation is 
normally employed in the tertiary 
treatment in the case of pulp and paper 
mill wastewater treatment and not 
commonly adopted in the primary 
treatment. Paper technologists are often 
familiar with coagulation phenomena, 
due to the fact that aluminum sulfate 
(“alum”), poly-aluminum chloride 
(PAC), and low-mass, high-charge 
cationic polymers are commonly used 
to balance the colloidal charge of a 
paper machine, the purpose being to 
stabilize operations and enhance the 
performance of high-mass acryl amide-
type retention aids and other additives. 
A comparative study is conducted with 

silica. Due to continuous aeration and 
short circulation loop, microbiological 
activities are almost negligible. In kraft 
paper except burst factor, wet tensile 
strength and Cobb value other 
properties are less important. Hence, 
there is no need of using kidney 
technology. 

Various methods for reuse of paper 
mill waste water
Combined ozonation and biofilm 
treatment
A combined ozonation and biofilm 
treatment reduces COD load by up to 
85% with 0.65 g ozone per g of COD. 
The quality of treated water can be used 
for the most of grades of papers 
production. 80-100% treated water can 
be reused depending upon types of 

grade. In some cases, the concentration 
of electrolytes increase therefore, 
membrane treatment stage (nano-
filtration) for desalination would have 
to be added. The cost of ozone bio-filter 
process is not as high as expected. The 
operation cost for a single stage plant 

3will be 0.05 to 0.2 Euro per m  of 
effluent treated depending upon the 
type of waste water as well as size and 
technical standard of the plant. The 
reuse may either may lead to a specific 

3amount of waste water of about 2-4 m /t 
of paper or to a closed system with no 

3effluent and about 1.5 m /t of fresh 
water  required due to evaporation.

Membrane filtration of white water
Membrane systems have become 
widely recommended system for white 

Table6: Characteristics of recycle water
Characteristics of waste water Usage points 

Water in holding tank (Collection tank) 
pH                           6.0 
Colour, PCU           400 
TDS, mg/L              48520 
TSS, mg/L               2680 
COD, mg/L              32120 
BOD, mg/L              9883 

Used in pulper 

Decker thickener filtrate tank 
pH                           6.0 
TDS, mg/L              48520 
TSS, mg/L               2680 

Used in decker thickener shower, High density cleaner, Turbo 
separator, Centricleaner’s reject pit dilution 

Wire pit silo 
pH                           5.5 
TSS, ppm               1200 

Used in centricleaner through fan pump 

Vacuum seal pit no.1 
pH                           6.0 
TSS, ppm               1400 

Used in vacuum pump sealing 

Vacuum seal pit no.2 
pH                           6.0 
TSS, mg/L               1000 

Used in knockdown shower- a drilled hole shower pipe  1 mm 
hole 

Holding water tank collects water excess water at all the points, press part drainage and vacuum pump drainage 
i.e. sealing water and hosing of back water in plant 

 

Input  Output  Sl. 
No. Particular  Qty. (MT) Particular  Qty. (MT) 

Remarks  

1 Waste paper 65.39 Finished product 66.56  
2 Alum/PAC 1.3 Moisture in paper 4.16  
3 Rosined  0.325 Plastic  0.39  
4 Bentonite 0.195 Process waste 0.26  
5 Water fresh 85.605    
6 Water recycle 7719.47 Evaporation  87.945  
7 Moisture in waste paper 6.5 
8 – – 
9 – – 

Water recycle 7719.47  

 Total  7878.79 

 

Total  7878.79  

 

Table5: Mass balance in Vaibhav Paper Boards Private Limited, Vapi (Gujrat)

Table4: Water balance in Vaibhav Paper Boards Private Limited, 
Vapi (Gujrat)

Input Output  Sl. 
No. Place  Uses of water  Qty. (kL) Place Qty. (kL) 

Remarks  

1 Pulper  Recycle water 2528.5 Thickener 1300 To recycle 

2 Refiner  Fresh water 9.1 – – – 

3 Mixing Chest Fresh water 56.505 – – – 

4 Centri cleaning 
system 

Recycle water 5190.965 Centri cleaning 
system 

28.73 To recycle 

5 Wire Part Fresh water 20 Wire Part 6304.74 To recycle 

6 Waste Paper Moisture  6.5 Press part 85.995 To recycle 

7 – – – Dryer part 87.945 Evaporation 
loss 

8 – – – In paper 4.16 Moisture go to 
paper 

  Total  7811.57 Total  7811.57  
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combination of dissolved air flotation 
and chemical precipitation removes 
93% SS, 50% BOD7, 57% COD, 92% 
phosphorus, and 52% nitrogen. A 
combination of activated sludge and 
with ozonation (as tertiary treatment) 
removes 87 – 97% COD, and 97% 
BOD. A combination of a biofilm 
reactor followed by one anaerobic and 
two aerobic reactors is found to remove 
50% COD, 80 – 90% BOD7, 50% 
AOX, 90% ClO . A combination of 3

aerobic reactor followed by anaerobic 
reactor removes 94% color, and 66% 
TOC. 

 Ways to clean up white water (3)
Table 7 summarizes some key strengths 
and suggested deficiencies of different 
reported strategies for white water 
quality improvement. Many of these 
strategies rely on implementation of 
one or more “kidneys,” i.e. measures to 
remove dissolved solids, organic 
matter, or suspended minerals from the 
water (Figure4).

Conclusions:
Water conservation is now a top priority 
agenda before pulp and paper industry 
not only due to high cost of fresh water/ 
waste water treatment but also due to 
less availability of water as well as 
disposal of treated effluent. The pulp 
and paper industries have already made 
remarkable efforts to reduce the water 
consumpt ion  th rough  process  
upgradation, efficient water usage and 
reuse/recycle of back water and treated 
effluent for in-house activities. Further, 
reduction in water consumption can be 

horseradish peroxide (chitosan) and 
other coagulants such as (Al (SO ) ), 2 4 3

h e x a m e t h y l e n e  d i a m i n e  
epichlorohydrin polycondensate (HE), 
polyethyleneimine (PEI), to remove 
adsorbable organic halides (AOX), 
total organic carbon (TOC), and color. 
It is observed that modified chitosan is 
far more effective in removing these 
pollutants than other coagulants. Such 
additives also can be used, at least as a 
first step, in the clarification of white 
water. By causing suspended materials 
to be agglomerated into larger-size 
units, coagulation can serve as a kind of 
pretreatment for other kidney 
operations, such as membrane 
filtration. The simplest approach, from 
the standpoint of paper machine 
operations, is just to add the coagulant 
to the stock system, and then follow up 
with addition of a high-mass 
acrylamide copolymer, i.e. a “retention 
aid,” just before the stock reaches the 
forming section of the paper machine. 
In this way, the fine matter becomes 
incorporated in the product and purged 
from the aqueous system.

Flotation of white water
Suspended matters present in the pulp 
and paper wastewater are comprised 
primarily of bark particles, fiber, fiber 
debris, filler and coating materials. 
Such devices use bubbles of air to lift a 
mat of solid materials, including fibre 
fines, to the surface of a shallow pool of 
water, where the solids can be skimmed 
off and returned to the paper machine 
system. Most flotation units in paper 
mills employ pressurized water, to 
which air has been added. Release of 
the pressure, as the water enters the 
bottom of a flotation cell, causes air to 
come out of solution as very fine 
bubbles. For purposes of water 
clarification, it can be expected that 
dissolved-air flotation (DAF) units will 
be especially effective in the case of 
particulate matter having at least some 
hydrophobic character. A novel idea to 
enhance the performance of flotation 
systems, for purposes of water 
purification, involves the application of 
direct current to a pair of electrodes 
near to the entrance to a flotation cell. 
Tiny bubbles of hydrogen and oxygen, 
generated by electrolysis at the two 
electrodes, provide the needed lift to 
colloidal and particulate matter in the 
water. 65-95% removal of TSS is 
reported by dissolved air flotation. 

Biological treatment of white water
Biological treatment systems can be 
designed to run either in the absence of 

air (anaerobic systems) or with 
sufficient agitation or air injection to 
keep the system oxygenated during 
bacterial or fungal growth (aerobic 
systems). A further choice may involve 
the temperature of operation. Paper 
machines with fully closed white water 
systems often run at relatively high 
temperatures, too high for the majority 
of bacteria to thrive. However, 
thermophilic aerobic bacteria have 
been found to perform well in white 
w a t e r  t r e a t m e n t  s y s t e m s  a t  
temperatures of 55-60ºC. Anaerobic 
conditions in white water chests, for 
instance, have been associated with the 
production of foul smells and 
corrosion. Even in the absence of 
biological treatment, it has been 
recommended to aerate the white water 
used in mills where the amount of fresh 
water has been sharply minimized. The 
combination of aerobic biological 
treatment, followed by micro flotation 
has been highly recommended. In 
another successful installation, aerobic 
biological treatment was followed by 
microfiltration.

 Integrated treatment processes
An integrated or hybrid system is 
designed to take advantage of unique 
features of two or more processes. A 
combination of coagulation and wet 
oxidation removes 51% of COD 83% 
of color and 75% of lignin. A 
combination of ozone and biofilm 
reactor removes 80% COD. A 
combination of chemical oxidation 
with ozone removed 90% of wood 
extractives and 50% of the COD from 

0TMP wastewater at 150 C. A 

White water
cleaning 
technologies 

Advantages  
Disadvantages 

Membrane filtration Simple; moderate in cost; effective against 
bacteria 

Prone to fouling and low 
volumetric throughput 

Chemical coagulation Useful as a pretreatment for membrane filtration By itself not effective for 
most “non-substantive” 
substances 

Biological treatment Very effective to reduce biological oxygen 
demand of the process water 

When used alone, there is 
danger of poor dewatering, 
brightness loss, salt 
buildup 

Enzyme treatment A way to more precisely target the desired effects 
on white water 

At most, solves only some 
of the problems related to 
white water 

 Component  

Oxidative treatment Accelerates chemical breakdown of organic 
matter 

By itself, does not remove 
anything; sometimes
makes removal more 
difficult 

Evaporation Most reliable way to achieve high-quality 
condensate and brine 

Tends to set a cost 
threshold, which
competing approaches 
must beat 

 

Table 7: Summary of strong and weak points of different approaches 
for cleaning of white water in a paper machine system
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achieved through adoption of 
integrated water management approach 
and also tertiary treatment options 

including membrane filtration etc to 
treat back water/treated effluent and 
match with the water quality 
requirement in various process.  

 


