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Ihis  specie!   [ :i."r   "F nv i rovini* 1   aspects   of  *><•   : 
Stry"   h.is   !'••<•"'    prep,^,.-'   upc-   the   rer; ,e-,t   r(   *.".'•   v" 

Technique^   'r. t,-e>,   !•"'< istruii   Teinnoo.oy   r,'v:'   <• '• 
sen fed   in   •»!<•  f,tt   ' ;   ,".   "Ni'   •/•:<,['>    Ir-i'l.j-.t   ',,!,,;•   '. 
ffir    Fnqirie.  --,    -i     • >c   <í"1I¡       '    !':j l "   ari'1    !>-,<.r    ¡-.O       ' 
19/4. 

Jn   U'O  pr»-:.i»-,.-   •,.,     '   •-,!•,    ..|p..r   t!P   ,.',m,,»-   ,,,   .,, 

fji V    .'0   fi'. •'  '  •."•        *     *'">-( pi • tS    ''*     t. M     ; >   „ ' »-f . •-,  r  <   . ' 

and  ». spec i a ' '.y  •>.*•   :T-ì'.'.H <i!   f'o-';"rs  ard   ,•<>,--•,,.., 
same-.     As   SOT tes   e » * - r   f.<,    :¡.pi..iripr   ¡r   \j<-rr,-   '• • • 
mage/ines   arrl  oteer   succi fil   -eL-or's  t(in"„ ; ! ed  by  "^ 
vi room*?' 'a I   »-^IJ I i •••'-. n ».,  nave  ¿(^  ,,Ht,n  Vj„t<_    soo.e. 
about   "Wi.it. r1   ¡p'   ,-,\  on  «1  ff<<*s  Mv<-  ï ce   : 
namely;  ka'.'"-  o-. :   ¡ ts   l^pun'i-s   by  7   :-   :^"o a' 
Wastewater   'reativot  .od ['i-.posìì   by ó '•'  'air,  .' 

P  .- 

ÄS    the   Sulph"e   preu-SS    IS    oett'og   Of    l»*SS    M";j'irt-<' { ••    *    r     * 

ring of pulp i t has T1. beeo inc. ] j^«.-d m t*io p'•:.,.•• . • :^,...., 
regardinc PCVI roo .-r «„a 1 control ""->isures used io tot. t,flmç - 
to that i. sed ''• the Sj 1 priate process. TM s Ií'O'M. ,i's.-> *n 
mical process, in the sulphite prr,"<t prob1'^, r> ^,-: '-o • 
Of conde'Si-e (qm »>P evaporator, o< • oe »vaste '-(o,! seo 
Of the exist nn di".rencos m re s pec* to t^e 'ulpMte P-O, 

using ca"! : i o'^oi'/jl t ' te as a process chemical pr o]e-., wil' 
la-ge emission of  sulphur diuxid-  a^d c-1   ••J^,.1}1 ,.-.,. ¡, ,,,>. 

In the preparation o* the paper va'uable is^sbv, t- M< bee 
Mr Karl-Env Lekao •:•;••-, who has b'vn the responsible ."i.r-- 
Environmentai   Proitct. 

Mdr • d ry, . ,,. 

Carl  Gu,* r,   '     'e< 



'*£• 

W,-. 

An. 

...    .      , •, , •    •      ••     -i   nd   s«' is vr,dl   Lnan ,'t' 

.. '    ,<,        .,,..< •)'*   ,   >,%*'" H    iMttf'     ,n   Wdtfr 

•    .    ,..*   „.•    .,    diKj  íH.lijteo watt'»o and   l'ouMl 

•»   ,»"'    ¡.d'^'K!        '      1>01 I u ' ••L1    wit»"'* 

•    , M)I t-s       -nr!   .-» ' 1 (if n»    wafers 

'   t .MM.. S 

,   . i   .      ....,.,,• •.„ • '„'   \y   ' lit •"•    •••fluff's 

, .•  „., •     -        ,,,1,.,,,,'H.   v>n   evil   spelling   jases 

,( • '    >      '   •»nv"   '•-   • *.JI   "olljtiri   effluents 

. ,. i '  ¡" ) ,     a . •' '        ' ny .    ' '"*    >unrunq 

H-a 

HH( 

I' ! •   • (• i,r.     • ' •     •  % 

M.. •    -    ,.,•   i- ', ,     .   • .. ;   •,    h.iirjt» 

Ne«.  '  .IMP"*"1'   ami   r" «  ">JI^"U:  «he»'(A H 

],,•     •,.,       *    ' f.#»   t '  -,     >  i 'in   %ys »«M* 

i . A * • » >  '        »     m A '  » t        i f;.,.T    f » r<m    t •'»**   h 1 t*ai •'    !'l *r ' 

''.<• ••>•• 

, ,.,*, ,i        ,    ,.,.<,.    Mi   avo   .'   ' t-mp(i> «f y   ' ' s•*"-<: 

Iff • 

(M J it • '     '»     >      ' '   J        • ' >     'SS 

ir        ,  i| '     ,1 'V     ' ... ! U' f    '    '"•'    '  '   >ns 

lu ,•  *   s y '••">   M 'u'    >n- 

i|«'   'M,      '   wh'tf-   *d't"    »ilti'»    J«1'   tirukf   pu t(H-> 

i • ,,     »   ' • ••    va'  .!(-    . y\ti»m 

t i i.i i    iei 'iv • y   '-g..! y-f" ' y 

,(„ ,    f i     irtv   I»J'      'f   i»<u»f»   mêihite white *at*'f 

Syst'" ••• 

( Kte>    .     * - -,i • n„ r.t   ut waste «A'er   fro«  jAili' at«1   p«P«?r mills 

Seti ' '-n" ' ,i ' ' •)'< 

I Iota* i "i 

. hfite ( a I   treatment 

H'    l.igti a'   trt-dtmeM 

3 
i, 

13 
14 

19 
<V 

»4 
3/ 
40 
4/ 
S4 
CS 

SS 

i " l 

1 • « 
I '.1 

1 ", 
1 < ' 

1 '•• 

1/11 

t43 



WATFR 

In one '"rn or riro'^'f wrt'f'' ( ' ";is ; » at 11 s. ci ' i y f'V ',*K'.'ri , / 
quantity fror' ,r !""st m! i'id supply n t>" ns"."', ••• < >.• • 
indeso't ic !'i"' ' (!•'')' , 'i *he ri* ' "jsi'1 t" "'• .r, ft'.!'. •'" ^atc 
anr) pr » i > p • «' ' ' . ' ' >"" • 11 ' ' ' . '.u''* .if e > • '.'••;' ti- ' : 
streams in »• ., "•• ,• •». (>-:ir", . :'<>f]t l'i; ''-'• í ' : , r " 

oc « ur ,   • -   «J -, ' * ' r ""'      ! -    ••. • •   i    ¡i >-..! ,   .i-   ord ; i"¡ wf 

( I ,r f 

Altho.,'     it      .'  .    l-r'    •>•    ',    •   .,    ••,     I  ,,   :»..,!     po't o.'       '    thf     '•;>..<} 

supply   '•  si'1--':    '•   • *i •    •. '  •••. ,  a    'in' • mt   L i u j 1 at ' •' °     -   t >i « i iif 
[ Viporat '  >';   • • M"   ' no    .(i e   -,      UI'K.    I',   i. ont i'»••."US .   »*• 1 * m uc'i   r ,. 
moistu'i   s«'  '-v;, .• •*••••;  « • i.i<.''   .",   oc   ta!>s   dn.-r*!.     •    •••(-  • :.ev 
siderat'1,   por'     , '   ••      ,•>•:<• '   :>v   •'>»   winds   on   the   ',-ntí   ,'m- as   A1'":' 

pren L ' * I t •">•'    • '.   • • • ' '<,   h •' ' i ,    -, ' • ( I ,   or  S' ow   (r   i ,• r m '   • 
On   th'    «, ,r*r<    . '    .•••:• * a '       •    an,'   ofier   cb.,tJ< '-' .   '•''   •     -     ' ' '    * ' '•• 
in the   'orT   ','     i w  -iinl   fro1,'.   t-iti."r     s    •vdpr,ra''d     '••    •;•-,-    < 

by   V'gp' 11 'On    «•» » i • *   ,hP'     * rdnst" l r ••,'   tlOOUQh    thC   vm> '       ":    ^  ,r"S. 
falls  es   ort <    u  ''Mijii,  howfvn ,  has   a  iiuc t   Tore     •..><   "tí   • ••poru 
STW  IS   rc-pv.'/ir.i'iii  tiff.Te   ,f   reaches   •K'   ear'!.. 
by VPqeîdMor,   bu ' 1 di nq<. ,   and   nthe»   objects,   ani'   ; 
poratt-d   lire; t\     Ar.cthe«    portion   run',   off   t rpn  I-M 

Strpd""    md   is   •"fi.f'n'.l   to   t><   sea.   Still   a'n 'hm 
the qrp'ir'(l.   Kir  f h i ,   pirt'on   thrrt-  are nu^orov   m 

held l.y   .apeHat'ty1 at or  rua''  ;h>'  yii'jie  dm;   'S 
another   ojrt      s   used  by   ^e'Vtd*->'   and  returned  '•. 
process   o*   trc.ns"ir-it 'on,   <. t. " 1 !   anginer   port'on  , : 

and s'ow'y   ' ' "d*.   its  way   to   the   . ' r t rr",.   aupeat •"• 
4 rid   Siimi ' 'mes    -">ui ">    Iunior   pt'rH'dS    IS    'O ü\JV-'    wa : ' ' 

amount   that      S   usually   ins i qni ' 'f ant   bi,t   in   a   tew 

consideratle   'iNtnr'vo1,   finws  ùat. «   to the  ocean,, 
of water     tifili' i'i"  s*. 0"   to   the other,  ma i " ! y   'o o 
in  teiiHJt1 rat ut e  miti";   »y   the   su'"  an,;   the   ^eat >L'I    >  >    ' *'•      ,<."t' 

day and  ni.jht    ,   is  ui   :., 1  the  >\y ,< u ,ogica 1      ,'.''•     a   •    ¡s  c •• : >• ' 
ted i <  the d^iqr,;'-' no   i . 

Our existence     s   in  ran y ways   depen, ort  pn   water     i' "SS"   '   ,!'   t'    • 
life, human  ¿s  well   <m  both   animal   re  ve^et'hie.   '.< '•.••:.     t   i i  c.     ^ 
of lite   itself,  sinic  p- atoplasm of  's -, ;   ' • •. 'no f.e''1   u'i'a"'    v    ,' 
Wttr,  and  any  subs'^rtial   redustion   ,n  th i \  p> »     ntaoi    is   disj'.*» 
Most of  the  biOihen   il   reactions  that  oci  >'   MI  it»   "o*   :o^   S"i    s 

of livmo cells   in»oive watet,  and all   of   •hem ta'-t   L: 1 a   o   in wa*>>, 
has often been  referred to  as   the universal   solven-.   Yt *.  naos  as-.i' 

of the value  of water is  very   low until he   f" its h""S',f  wi^.i.jt   't 
Most of the  surface of  the earth  is covered with water,   this   is salt i 
ter, to be sure, but most of  the habitable   land "las'.es  have adecúate 
water resources.  Water  is     plentiful,  the»t'fo-e,  ''at man  believes    - 
Should be free or, at most,   very cheap.  As  a  result, water  s'jpol '<"   a' 

çood quality     continue to be  developed and  extended on an  emero"'   y t 
end, with very  few exceptions, are never qcrte aoequate  for- hw> •   ne.-i: 

One of the principal     reasons  for the rarity and an adequacy i'   ptu'lu 

'   '! 'he-'   is 
• *   t h i s 1 s   » 

L/n;: V_rt ,•>, 
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water SUPîJ 1 íes   in   the o»-vf lopiruj   countries   is   the  w   'espre,., 
that water  should  tre  free. 

Man   uses  wri'.'.T   not   < r> 1 y   for   drinking  and  < -¡ ] i n,,r /   ;   .•••••.f, 
bathilH),   was h inn,    I as" P M >••;, t¡»- 1t i r>;   and   rtir    ((.''i!'*       '•'•   :,    • 
tlire,   S too    I'dlSfi]   ,<ro     I,ir • I < -r i <, ,    (fir    îndust r : d i    pO      ••''.<       <•' 
for water  ¡jf.wcr <i'  •   ','• o    power ,   '•:>'   fin-  pc• .<"-. ' . •    • ,   '•,    : 
wastes,   'or   * i sh i r. • i,   •..-> • • •••• i rrj,   'cline  and   - j * *• . > r 
for  f.sh onci  wild   li*"  prnpar\it w •>,   rJnd  for   n-'vi d 

"    M 

Every d^'V'y of •• o - '-vr. 1 .-• s •• •<• y. o' wi'tc r' 
uses, the Wd'f-r niu'.' " wiUidirw' * n " j wac-rcor •• 
is   not withdrawn,   '¡'ten,   'he  water   wh"'¡  ÌS   ^i t,h ;r  •,< 
the   Water    ,  urst;,    (-.'•'•'•   w'th    pelh/d't ,   or     W r t ^    .in 
rature, or' Loth, a'.: if tar^n fn " !m'"i *ntorco» s< • , le * • • 
used over ani over ,iq,rfi Py downo'rea<n , ,. • ;mi 11 es , v. •' ot.*.' 
pairroent   in  c¡ual 11 /  • u ri   true. 

The competition for our water resources 's certain to lecci'.' ' • 
more keen in the years to rome. This increase wilt no.jr not c ' 
the Various types of uses that now exist bit amo"q t *t_ rev, uses 
will develop. With the advent of unforseen dovolopmerts a^d w^'*- 
steadily increasing congestion of pnpul. tu n, the o>-pe* > t. •on ••• 
water resources  is  certain  to  increase    s  ti^.e qncb   no,-/. 

In    adjustment  of  conflicts   and   for  proper  rol'jt.(,n  r,(  »he 
arising in  connection wi'h  then1,   coniple'e ¡la'a  c   nu>   wafer 
a  *ull  understand mcj o*   the  principles .. f  hvdroWiv   a""' r\: 
quality of  the water beu.v     a  vital   necessity. 

Physical Properties  of Vater 

It is characteristic of lk.uids,   includi'^ water,   tVit  tlu 
and  ions    of which   the liquids  are   .   ••:c j are  ' t. ' • 
in a relatively constant volume,   alt-ouch t'.ey a>      '>..   - 
respect to    one another,  foreign  mole ü.i-.s,   io"   ..      ; a  '   c 
are also free  to move about,  subject,  to t'r   *'L   •   i 
Stall drag  forces  created by  the n¡x>t   >n.  S-.    jno'nsta-       j 
sical properties  of  pure and   impure wa*er  -   an »   s   •*   o   f<- 
an adequate grasp of  the characteristics wfiuh   o     . -,     >   qua 
treatability  of natural and polluted waters. 

Aaong physical   properties cf water of importan.e  in   Us v,ydr 
quality management are its molecular structure,  de    ìty, vico. 
por pressure,  surface tension,  resistance to ai'fus  o'\ pow¡ r 
tlon and suspension,  light absorption, heat canac  ty and heat dbs 
Nearly all  of  its  physical  properties, as    well  a,   its chenca!   ,-. 
logical properties,  are temperature-dependent.   Indeed,  thei»-  vor 
with temperature is  so great  that we often speak,  of   temperai ur•• 
rather than temperature-dependent properties,  as  controlline]   t 
of water. i 

jr 
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v,,,,   iiiik  0t   ,1   ui;: w.itrr o, i iipy  a  volume ut   ¿\9/  x   10 |J 

,  ,.'-,, .,  ;Jr,it-,   A^j  'ini'    .i'.ifi pure  spai e  between  trie i;,uii-- 

1,     u.   thf. !-.,.l.vJrs  ou.jpv,  unequaly a slightly  larger volume, nutr.t - 

ly,    •.;.•   »   lu"11   u3      IJi'.-H   AJ). 

i,:   •»,    VUH:-   ,t.ite  the equivalent  swe    of  the molecules  is  abuut   1. .>   > 
,   ;     -  „ •     v.i  A).   I hey  move  at a  high  velocity,  exertinga  pressure 

.   f,  :;,   /   m  vunfurmàr.cc with   the   MnetK   theory  of  gases.   Here   \   is 

M,   ,, .  >,-r   -t   rolerules   in  a   unit  volume of   gas,  on  the- mass  of ed eh 
,<    . ;<• , a'..i  vl>  the mean square of  the velocity of  the molecules. 

,i. - ' • ' y  ,_r.d_ V 2 L ÚQ52lï 

L'.-,'.   *v  v.iridt'.ons   m deep bodies  of  water  result   in  seasonal   str^fn- 
trtf.-n  and overturning of   lakes  and  reservoirs  and  consequent wide   •* J 

Md*iu'>s  in water quality.   Density  is also an  important element in   tie 
'.-urt-i îrcuitmg of" settling  tanks  as well   as   larger bodies  of water, 
v.S'osity, similarly,   in chemical   coagulation or flocculation. 

i. i -,   .,   is expressed in one of  three ways: 

1.     o-   i aSb  density or mass  per unit  voljme 
?.     as   specific weight or weight per unit  volume 
j.    as  specific  gravity 

lu   density of  liquid witer  at different temperatures  is as  follows: 

K,;>.-r„ture  C o" 4 10 20 30 100 

I.....S . ty 0.9999       1.0000      0.9997      0.998?       0.9967       0.9584 

rr,.-'.',.,rc has  little effect on  the density of water.   Dissolved  impuri- 
ties   ,;a-ge the density of wJter in di.-ect  proportion to their concen- 
tre   f.n and  their own density, but they  leave the volume of water un- 
alte red. 

¡he  '. is.osity  of water  is expressed   in one of two ways: 

1.     as  absolute or dynamic  viscosity t¡, or mass per unit  length and 
time  (ml"'   t"l ) 

¿.    as  kinematic viscosity -v » jj/p, or length squared per unit time 

d2 fi) 

At common water temperatures the viscosity of water is as follows: 



Tenpprat'irP r O 4 10        ?Q e> 

Üynamif   vi'-esity   (u),  ceníipois«-s 1.79     1.'./     l.M      1.01     O.,0 

Kiner<u' w    visáis1'./   ',,),   (»nt ",'i^ps     1.79     l.k>7     l.'l      1   ni     n.>-- 

The   VÍM'l'il'y   'i'    W-l'l r    l S  OUI- i » - r, » 1 ;jni t,P   at    ?0.?n   °l. 

Vd[Jür   l't r •. •   .i-.-    .r,.'   '   .. ' i    e    !••      _ -! 

Vapor [ir "'.'. n " IS ,i i •,'''••: 1 '.• ' ' 'i *rir in "V-îpOrMÎ. ss ^-•''.'vr f '•• • 
watfr s1.'*!''- 'i' *'• ' ',• -. lu • ; ¿lier- í-eirv) ' • v.j. >• ;>'-•,' ¿r" '•••• 
the wa'i'»- VU'!'" !S • ni •,;' -i' l's partial ; -r tS' jrt> r:';"! •,„J,),fJ 1*S r-.. 
volume i'"i ** »• a' "•'ISíI'1' r". !t H qenerally •<>'.,ri"v> i" 'v «• sa"" '• 
barene tri' pr-'SS'.' f ' ' ": ><q ,)t 'j : , for c-T'le eo,,'1,!)' ¡i1! val.-' 
( omrn >f. w,-. :>•<   '> \ "tv. * iri:     d M'  is   t    llows: 

Tempera'.'jr »• 0 4 |r . í' 

Vapor  pressée   i p ;   "ini  Hq 4.1:8     6.10     9.. i      1 / . ó 

The  interf ,>r i al   t'-nsion  betw "n  a   1 • rj u i c!   a"~.  a   cvs   is  er c f'r¡'.i a ! 1 . 
perty of   the   liquid   dlon(>.    'he d ' mi nr < ens   <t'   s^rtto  •.>r,s; m  à''.    • 
per   unit   area   or   'orce   P<T   l'-'q'.h     "•   t~< )      ]*   is   fc r   ;:,•»•   w, .11 *_' <^   a 
air  relatively  great.   At   common wa*- r  terspei d* >jr*-   t\r   ''fs\,r   is 
lows: 

Temperature  :. 0 4 10 0        M) 

Surface tension   [<*,) dynes/cm 7b. 6    74.8    74.?     i? .8      /", . 

PJÍÍy>JPr.pf_Substances  ano  Gas_Transfer   into  and  from  V,a* ch- 

iven without  rrochanical   mixinq  th"  ^fiLCnfa*   o"     '     ..Ss *.a-cr"    '• 
solution   in  water,  both  moleculfs   vi.:  ioei ,  w' •!   •• .••r' ,,\".    , 
form.  However,  this equalisation  '••     i ss    r   .:     r. •   e •*.••. 
The rate of  diffusion   is   limiter!  by  the  ^ •    \   in   •••• 
quid.  The  rate of diffusion per   unit ¿rt>à  ,i, , •   •     ^ 
is 

c dT   '       Dc dT 

where c TT    is the quantity of particles  per sec  dif• y     g thro  ih  1 

sq cm of a boundary in  the direction of s, -A-    is  the diffus1./- veVv 
dc 

- -j-   is  the concentration gradient and D    is  the d" fusion . oef  r e 

Einstein has derived the value of this coefficient 

D     .        1      RT 
Dc   .     ÏWÏ   T 
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1 s 
wh,,,   o.'p   is   '.he   Stores   draq   for  particles   of   dieter   t!   ir,  .1   Huj.' 
vtsMO^ty  p.   R   is   the  m s   consten*   JM  N   is   Avi'g.ulro S   "-/ trr  and 

tne   '.''¡'cr,''ur^   m   (!K   (UC   *   ¿/J). 

[he  ••fusion ,oo'fU1.nt  of  dissolved  oxygen   in  pure water   is  abowt 
,  rn\   1M-S  (1*   2'»  °f    Ino  Stokes-Finstein  relation,  above  equation, 

•"  "„,   ,n .,;-,:,.  that  Mie  effect of  the   mp.-ities   in  the watpr  on 
f...   -,•   .    '.o>   J   ¡JI.-» u'J«jr-  s'ibsl-ince,   is   depending  on   the  Vl'.'-.- 

, , »y   ,. '     the    " ''d 1 u'". 

U   two-til-.  !Jto.'/   '>*is  and  '.MV..- .   of   th..   adsorption  of  a  gas  ty  a 

: q-ji !   's   t.-a s oil   on 

• nos 
'it       V r 

the  d-.s^otion  ...t   a  gas   filir  and  a   liquud  film 
cato- at'the  interface,   through which  oas  must  pass  by n-olccular d , f   ;>- 
sion and  beyond which  the  concentration  of   the  nas  is uniform.   It has 
been  fo-.nd  that   in nost  problems  rela'im  to water and wastewater   ,-'• at- 
rrPni, the  resistance of  the gas  film need be considered.   The time  rate of 
solution  (or extraction)  of the gas  is as   follows: 

dc 
dt 

where: 

KLa  (cs - c) 

cs 

a 

the concentration of the dissolved gas  in the body of the  liquid 

at time t 

the concentration of the dissolved gas at the gas-liquid inter- 
face  (the saturation concentration) 

the interfaci'al  area per unit of volume of liquid 

K,     =    the liquid  film coefficient 

K     =   _£     for an unbroken film, where L  is  the thickness of the film. 

With moving gas  bubbles, however, shear is  always present to continous- 
ly change the  liquid  film.   Similarly in flowing streams and  in  tanks or 
reservoirs, motion of the liquid is always present in varying degrees  to 
change the liq-idfilm.  Where the film is being continously replaced or 
renewed the valute of K.   is determined by  the value of Dc and the rate 
of renewal  of the liquih film.  The two-film theory is demonstrated in 

the following  figure. 
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Figure     9:1 

The rate of cas  dispersion  in water on  tie other h(vd defends   ^Lr   *• 
rate of molecular diffusion, eddy difusión by  convection  a"c  e.:!, 
fusion by agi tation. 

In accordance with DaHin's  law of partial   presares,  the ^sip.b't'> 
each gas   in a  gas  mixture exert  the  pressure  th>y would   if   fie,  w>•'••• 
present alone,  and the  sum of  these part  al   pressures  equals   tec  '• f 
pressure thus  pV = V £ p. 

In accordance with Henry's  law the saturation  concentration of ,< nas 
in a liquid, such as'water,   \s directly proportional   to  the omrpn-r 
tion, or partial   pressure, of the gas  in  the atmosphere   in  njntact w 
the liquid: 

cs   -    ksp 

where 

c     1s the saturation concentration of the gas  in tie wate>- (ml/1 if 

p     the partial  pressure of the gas phase 

kt    the proportionality constant, or coefficient of absorption (ml/1 

Example:    What is the equilibrium concentration of oxygen in pure wate- 
at 0 °C exposed to air under a barometric pressure of 7f>0 mm? 

Solution:    The absorption coefficient ks is for oxygen at 0 °C 49,3 ml/ 
Because dry air normally incudes 20.95 % of oxygen by voler     ano air 
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^.i.tó'-t  witr, «¿ter  is  generally  saturaU-d with  water vapor,   the  par- 
tial   pr..«;s;.ro  of oxygen  is  0,?09b  x   (/60  -  4.bh)   =   157 mm Hg     4.58 
.uMi;.   the V.1VT pressure of water at  0 °C.   The  volume concentrâtîc. 
o*' oí/gen  therefore  is:  49,3 X   1L//70Ü      10,2 ml/litre, and  because 

of ovy^n weighs  2  x  16  x   10  3/22,41?  =   1,43 mg,  the weight cur,- i  ni 
centration of oxygen   is:   1,43   x 10,2  =  14,6 mg/litre. 

Table    10:1 

Absorption Coeffinents_of Coinmon__Gase_s   in Water 

weight at 
0 °C and    Absorption Coefficients at température '-* 

Gas 760 mm 
Hg   g/1 0 10 20 30 

'.) Hydrogen H. 0.08988 21.4 19.6 18.2 17.0 

Methane CH4 0.7168 55.6 41.8 33.1 27.6 

Nitrogen N~ 1.251 23.0 18.5 15.5 13.6 

Oxygen 0? 1.429 49.3 38.4 31.4              26.7 

Ammonia NH3 0.7710 1-300 910 711 

Hydrogen 

Sulfide H2S 1.539 4.690 3.520 2.670 

Carbon 

dioxide C02 s 1.977 1 .710 1.190 878               665 

Sul fu.- 

dioxide C02 2.927 79.800 56.600 39.700          27.200 

Chlorine 3.214 4.610 3.100 2.260            1.770 

\\ Solution and Suspension of Solids 

How a solid dissolves in water is not '.omparable to the solution of iaeal 
gases.  Solubility is a function of temperature, the nature and structure 
of the solid, and the nature and concentration of water impurities.  As 
a general  rule the solubility of solids, in contrast to the solubility 
of gases, increases with the temperature, but  it may vary considerable 
within different temperature ranges. 

The rate of solution of solids  in water, like that of gases,  is propor- 
tional  to t/ie degree of undersaturation of the solid in solution, 
however, it varies directly with the surface area of the solid and in- 
versely with the volume of the liquid. The larger the surface area of 
the solid per unit volume ofvwater, therefore the more rapid is its solu- 
tion. 



Suspended  so!i<ir,   are  so  coarsely  divulsi   that   th.y  jre   viri '•    *,   tí 
naked  eye,  either  directly or Pn duv   t. r.t.*y  attorti  or  se-vte'-   :-, ,rt. 
cause  turbidity and   include suüston^es   nripl led   into weiter,   Ì .rted   i n :, 
it by scour,  or developed in trie water  by chemical  precipitation or   up- 
growth of   living organisms, notably  algae. 

Absorption of solar  energy by wat.tr   is   important   in  three ressects: 
1.   chlnrophy 1 l,:f cous  or < j.i n i sn.s  utit   li/e   radiant  energy   anè   ,f,re,e 
the  amount of  cell   substance  •'phoiosyntnesis ;.   ¿.  bacteria  an-:  other 
living organisms are killed, ana color,  especially naturai  color,   is 
bleached  Oy nia.nly  ul traviol"t.   lignt,    •>,   absorbed energy  is  converte"     ' 
heat.   Not all   the  solar  energy directed  onto  a   body of  water   pene-:r utes 
the water surr.u".   Seise   is  reflected,   its  amount   i nere -¡s i < g  os   tr,e   '• : 
dent  angle  bee ,..K.S   store  acute.   >V on! : ngly  "ne-  period  of  d-i/iiyit   h 
Shorter   in water  thar.   in  the atmosphere.   Reflection   increases   as   the  *a- 
ter surfdíe  is  ruffled  by wind. 

Heat  Absorption and  Transfer 

Most  of  the energy  absorbed from the sun  by  a   r,aturo 1   tody  of  water   is 
converted  into heat,   ¡f  the sun's  rays  were murio nro ,iti : and warmir.i, 
took  placr only by  radiation, while  the  absorptive capacity   itself  re- 
mained un  form,  the temperature of the water would decrease   ìogarur-i- 
cally from the surface  to the bottoni.   Selective  absorption,  however, 
steepens  vhe gradient within the uph,er  layers,   tvfn r.ore radia 1    :r.i f;J 

are  included by conduction and convection.   Radiant energy absort.ee: s/ 
the bottom is released   in the form of  longer wave lengths.   Toc-se are 
trapped by   the overlying water.   Bottom sediments   themselves  a<e corle'- 
than  the overlying water in summer and warmer  in winter;  the  deeper  t';. 
deposit, thp greater^the difference. 

Because the specific heat of water is about 4 times that of air and  the 
*ass of water is  also relatively much  greater,  the temperature at  tne  in- 
terface would be the water temperature,  were   11  i ot *or wina are: ...ter 
movements.  Of the  two,    air motion  is  normal   y   tnc sore  v, . 
heat  is distributed   through bodies of water    Puf   r.  •      jnti.i^,       :   . 
cally, by wind action.   Exclusion of wind-mo^i     curren,.:,  - /   • :e       /e 
explains why winter heat losses are small   in spite of t,r_  lc.,Lr   . .• r 
heat and higher conductivity of ice. 

Equilibrium is upset also by temperature changes  caused by »-eat Wi 
from    one fluid to another, includino. changes  in tempérât-  -  t.roc ced 
evaporation.   If a surface water is cooled, either by contaci   witr   „jld 
air or by evaporation,  it becomes denser and sinks.  Verticil   (convteuve 
currents are set in motion, and heat  is  transferred within the mass of 
water itself. 

If the water temperature lies below the wet-bulb temperature of the ever 
lying air, the water is warmed by the air; there is no thermal conventi•,< 
in either fluid; and little change of heat takes place.   If, on the o-    r 
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hand    t^e wate»-  temperature is hiqrvr than the wet-bulb temperature of 
the air    the water   is  -ooled hy  evaporation;   them-al  convection  currents 
are set'ii. notion   in both  fluids,  and  the   interchanj» of heat becomes 

'.orisi ilerab le. 

Thrr"ia 1   y» s i -, ' an;. »_'_ 10_Mi *2D9 

Wa'er driven  fo  t'm windward shore of  the   lake Guilds up a head which 
g^etates   re-ir-i  currents.  I.epi'n.Mnn,  on  shore  t.ipjnrauhy  these  currents 

travel  at or ¡jel-w  the water ..ur'aco. 

Ort<tior> of w<v' 

Re'jitvt »t'enfi o' cui'f •' 

y,'/ C"cu,»voo 
•        ,        y     •'' »°°* 

S'*J«inf P1»"* i   / '     (ep,i,mn.on) 

Itanytio«. 

fa/    (niKoi.mfMon) 

T// (hypo'^oton) 

Dhcrtion »nd „I..Ü.C l...n,u.,...l »rWi.y «Í »iirf ¡«1««' «•"«•'» ' ""''"•' 

•r rc»cr>_ ,     ,    ,„„. 
K»fy »f ¡>>¡»l»«l! » »/,,, 4il.cc1.. V..U->. **•<>« N,"k' n 8) 

ii Figure 12:1 

.* « 

The returning water is displaced downward  in coves and laterally where 
points of land put out from shore.  The vertical  distribution of wind- 
induced currents   in an idealized consection    of lake or reservoir is 
illustrated    in above picture.  The depth of the return currents depends 
on the water temperature. The greater the decrease in temperature with 
depth, the greater is the thermal  resistance to mixture and the more 
will  the return  currents be confined  to upper layer of water.   By thermal 
resistance is meant    the resistance of colder and therefore, denser and 
lower-lying water to be displaced by warmer and, therefore,  lighter and 
higher-lying water.  A shearing plane divides the surface currents  that 
follow the wind  from the return    currents  that run counter to the wind. 



Thermal  Stratification and Seasonal  Change 

The interplay of  temperature, density and wind during the different 
reasons of   the year  produces a sequence of characteristic  patterns ci 
thermal  stratification   in   lakes  and  reservoirs.   The  figure t>elow  shews 
such a series  fot   the  temperature gradients of water  in   the middle la- 
titudes of   the  tenperatc  /one. 

Tfmpc.-alu't Cnnrfo'M* in 

*  Tk-i'"K{'tne 

Vcrlk-.it tr.it'it-nts of if rip; r.ilurf ard «.iter qualil> In '.''«<•<, rovnoirs, and 

•thcrcYep bodies of \ ;ilcr f ir*or>íi/c 1 ). ful O'.iiaitwisiic 111. nn.il •.''.'.';cils, (A) o\\ ;;cn ari) 

Carbon dioviJc gradients ¿ming simmer stagnation. 

Figure    13:1 

During the winter the water Immedlatly below the ice stands substan- 
tially it 0°C, although the 1ce itself is often much colder at and 
near Its surface.  At the same time the temperature at the bottom of the 
lake or reservoir is not far from that of maximum density (4 ° C).    re 
water 1s 1n comparatively stable equilibrium and  is inversely strati  ied 
1n terms of temperature but directly in terms of density. 

•xa^Kii 
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T,-„ ,.,.    ,,^, ...',• ,„:i „t   ,;r,^,K  nutter  "-   waVr  and  wastt-wdter   is   d ,e ti- 

the presen ,  ,t   D.K.tna  and oih-r  "-....,•   .nsis.   Balena  us^  -ne o'"- 
Qíni-   natter   '•---  tí.o-i   .H.-1.1 break   it  .M*-.   «n simpler ior„.,nds,  most of 
¿Wh  are  r-M-t.M as  w.v,les.   Trlt. • .,; • ..,,r,y v.,-   t.a. 'end.   *r,ur   surest 

uplin  d-id o- ,-.•-,.   --.,!•..>r or n^m-Ml   ,»it>'   .'• <•   <»"' us .a • 1 v hapless   ', 
,KÌn     v.    IM-',   res;,,    s   ale   ror   in-,   pr. re-      ;   m ,rar,.i t IOL.   ^ ' T Mí..,.;', 

pá-h.,v.nu   i ... Ufd  •. ;i'Jt-iit    !.'r,s;  an-  /'•'    ,.re«.t-nt    if.   sewa<>-   «r.u     '; 

w.,t«-»    ,•'„,•.•;   WIT     -..Me,   !.HP:>   ;,•••;• .-f-     * <-   '-uisb.-rs   .ire  üí.CH)   S 

S,T,/ì   t-ia:   •."..   ,,re r,  -.l-.yu.le  f.... ;-r<     - ••.,   a«-, oti.pos ¡ •. ion  of   dead •, 
gam.    i-.jtt.r-.   'ne HoM.rai   food   di.rt .".vinir. ..• •   of  the   pathonens   is  tr.. 

]ivm,;  tuMy   w'   the h..si.   These  baiter ¡d,  M..retore,  cío   not multiply 

readily   H.  Sewage or  ^ 1 luted   water. 

• w •liultipl '.( .it ¡.in    of   M.<Mrlj    , r,   w.itt"'   dop.  '>j   i'pOr    tht    ,;reS 

t.. ct   i • *"    i.    >• >' vis   lOr.Mi .Mm)   <  -l''t    '. r,M   .   ...ri    in   a     füi'i'i   Capable   üt 

Mr,-   ,,S.„';MM  üy   ine   ceils   r.n.l  ,„pabìt,   /so,  »f   t^rnisñin;  en,r-/   *0 

tht  cells.   ¿. •• ••  '.r.e   mqestion  i-d   ' .o.,   by : •• •• ' v,  is   dLeOT.pl iir.es i),   U,e 
poSbaj.-   ut   tne   .ononis  through  in,  eel; w.',     it   -,   expedí tea if   ine 
food .no L« rial   is  finely  cvided.   M,;1   MIHO   ,ells   require  food Mate- 
rial     wniih is   opposed of small, rei-.VvH.   sirrpk- molecules  aisperspa 
in true   solution.  Sone  of the   larger  bacteria  a  e capaMe of   ingesting 
more conplex molécules,  and many protozoa can  ingest   particles of co. ¡oí- 

da 1 s i / e. 

The energy  fü-  the respiration of bac tend  .ells  is   supplied by wet   com- 
bustion or  Nidation of   the chemuil   compounds  broken   down by   the bacteria. 
If the  oxidation is acconplised by tne  use of nolecular oxygen  gas cisscì- 
ved  in   the water, the  breakdown pro. ess  is .ailed aerubiosis,   if it occurs 
by the   transfer of hyp royen from the compound   to a nydrogen accepter  u'r.er 
than molecular oxygen",   tne process is  called anaerobi os .s.  Bacteria   re- 
quiring molecular oxygen for  their growth and multiplication  are rolled 
aerobes, and  those whoso growth requires the complete   absence of dissolved 
oxygen  are called anaerobes.   Most bacteria arc  facultative anaerobes  aro 
obtain   their energy for growtr. either  aerobica My    or   anaerobi cal ly,   de- 
pending upon   the character of   the organic matter ¿vai lat-le,  the amount ^ct 
dissolved oxygen, and  their own specificity towards   the compounds available. 

Almost  any  ty^e of organic  compound,   saturated and   unsaturated fatty 
acids,  hydroxy acids,   <;.'to-ucids, di-  and tr-.basic  acids, alconols, 
carbonydrai.es, amine., amino acids,  a.nidts and aromatic compounds, rc.ay 
be used as  a  source of carbon and of  enerqy.   Only a   small  part of tee 
compound destroyed,  however,  is used  for eel 1 -buildi ng, the  remainder 
is by-product waste as far as the growth of the microorganism is con- 

cerned. 

The rate of decomposition of organic matter is greatest when the bacte- 
ria are undergoing active multiplication. When the number of bacteria   in 
a culture gets large,  the accessibili^ of the food  supply  to the organism- 
diminishes, because of the  interfer      „ of the products of decomposition 
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()f   ' Ut Fr0(n ,h„     .a, -,  .,„•   ot  rutritional   requirements. Knight classified ba:tena 
*[  shnwr   i-   -v •> lV   :h, ivterotroohs requin; organic compounds   for their 
metals-   '   *—s->   autotrophs  are able   to subsist on  inorganic   cor.- 
Zulühe"   rf.-.rotr(iphi  aro mainly   responsible for  the decomposition of 
S^   or     n      - •-,,' aUhojgh in  the latter stages of the aerobic pro- 
^       0;-v:w ../.^ ,e,t and of self-purification of polluted  rivers 

»!       •/'.--'"-Tr^/ina ' -rteria  play  important roles.   It has  been 
lr^J--V^^ -on divide surrounding the cell   is  essen- 
tiÏÏ to 1he"']'^w-n  nf'fnnst Isteria  but the  part played by  CO, is   unknown 

p \%     th ;.   o<  the autotrophs  and a   few heterotrophs  wno  use      2 
P
y;Ll.   c   . . p-o .  CO,  ,s an end product in the metabolism of the 

heUTutru^s  i'-'   ^-""'  ">  formally  present  around  the cells. 

Chemirai   r ns   i-duced by bacteria usually take place at constant 
ores sure     I     thl   he« evolved in  the reaction is written as a part of the 

the reaction is called a  themechemical  reaction and  the heat 
e^ofveS  is   c'iï'd  the heat of reaction.  For example in the equation: 

H2    *    1/2 02     *       H20      •     68.317 kcal 

gas gas liquid 

Wher any  subtrate undergoes bacterial decomposition, heat is    necessarily 



f r 

evolved   i"  or.jer   te   proveo   f he   energy   for   *r»-   'jt 
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by   i tst'i f ,   • •,  •.)•   • •!    ,-,.     •..    * >•(•  ;.. el 1 .   :*,..,.• H   . ,;„   ,,   .      ' : y •••.'••   d-    - 

lyzed n,)it   i"',  v,' •'•    ',>.-<    i i.i( e   'n MIM'  • ?  way   *"i*   •'•    ••'•'•:/   ••   »'••.  >o 
is  not   lo1,*  as  Mat   but    is   utilized '.y  th-  ¡t'iì.    !'-•   ;>><..,..ss  ;iy  w''    • 
the cell   üb'.uns   its   en<'i <\y   :s  còl ì e !  respiration. 

Under ot i mu"   to'"' ' *'  -os   o*   cowth,   (j.e'eri.i   :1 i v , • ' •    ••>'   • ,'   *-vt ry   v .? '£   ' ' '',r. 
The conditions  at'eit<nq   the  qrowth  rate are   the   i.r-    ••'••• >.>'  wàt."",   ' r e 
Size of  the tells,   the   temperature,  the  ceo.>M ». r<i* - ft   , ••<-, o ¿vai lab   ' i'. / 
of food supply,  the  \>u     value, and the presence   .>'   •.¡.•'.(••is and  predatory 
organisms   in the ft'iiium.   Df   less   importante   ; .•>   the  ( .-.».- t>nt d^c.  CO-DOS' - 
tion of mineral   salts   in   the medium unless  the  •''.• til s   t.; «e p¿rt   in enzyme 
action,   ¡n  the t-;Se  of   .jerubes,  the presente oír   ab-,.tifs  of an adecúa'e 
Supply of  dis'.ol V'-'l   o»yjf>n   ir.  the med'-n   is   af>   v;,,.',••*   * a • t. ¡ > r v»--t' 
determines whether-   qrowth   will   take piare or  n^t ,    "i   the    ase of  fat ,1- 
tative anaerobes,   the  presence or absente of ¡jxyet-t   ..:•-'vrrmt s   t'e 'v.tt 
of growth. 

Under strictly aerobic   conditions, ammonia may  bo o*ic. wed to nitrite 
and nitrate through  jt>ie   action of the nitrifying  bwt- r    ,, Nitrosononas 
and Nitrobacter.   These  organisms  are obligate  autotrfuns, N- troso,pon.>s 
Oxidizing only ammonia   and  Nitrobacter only nitrites.   Ihe energy obtained 
from these reactions  is   used for the assimilation of ca»-bon whi'h  is  ob- 
tained from carbon dioxide or bicarbonate, not   fru¡n o»ç_n c Cö'.on con- 
pounds . 

Nitrification is an  important contributory     .   'or t-v.    j e p 111 ^ c n o~ 
oxygen from sewage and  polluted water, but  its w . - 
layed for several  weeks   pending the i >ve 1 comer, i  .r   l3  JO   lacle e 
ment for the organisms. 

When a pure culture of  bacteria  is inoculated   into a  s   i tìbie cui' . 
medium, it is found  that  multiplication of the  viable    n_,j-isms dc •_,  r.. 
proceed at tne geometric   rate which would be  inccate"  by a constant gen- 
eration time.    There is  a  short period of nc  qrowth  fol lowed by a short 
lag   phase during which   there is positive acceleration  in the rate of rr-ji- 
tlplication. The third  period is the logarithmic  growth  phase indicateci 
by a constant generation    time.  This the maximum  rate of growth.   This 
period is followed by one of negative growth acceleration and then bv  a 
Çeriod of substantially  constant numbers as the   limiting bacterial  L   uu- 
ation is reached.   The  concentration of accessible food  in this perioj 
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'¡iiui Ìec\ -'/i^',' tru- odors will  be   reduced or abated at high  tide. 





I * ....... 

CO 

fi     ' •.» Vir... 

•n<t  r :t ,,ir • 

H,S 

M , 

fVI 

»••• ' 

N." S< ', 

K- ',. . 
t . ' ' < i 

k'- • ' llv 

/r" 1   .' 

H ,1 

O,' 

NI«; 

H' 

»o. 

C I 

H( (' 

NO, 

NOj 
OU 

HS 

t*<1i   »!• 

lablf  ?!'..•' 

) X 

0 

s 
M 
I» 
» 

» 
«0 
te 
M 

Soi    in rr> >.f   (,ASH  IKPlUf  »AT1»   IW '   I'M A< 
'l,TH   1HI   l'I-W«   C.AS   Al    A   I'KIWVÍ    <   f   1   ATM. 

Hm. t»n n»,t.r 

0. •'• < : 

o r i • 

0.   - 

t.' ••' 
0.. "• 

O.S"-l 

0.S .K 

0 4'». 

0.4 ;»: 

0.4; i 

29.4 

Jf.. 1 

2<   . 

vi. ; 
i". < 

17.». 

Iti.B 

M.» 

>2. 77 

I 1 4fi 

I '. . « S 

1   !» 
t. «Il 

'.14 

1. ,"il 

! . IM 
1 .'lit 
n. v.» 

u. ?*»> 

(1.1 
M.: 

4 O. 4 

.S. ! 

IT   .Ifr,,''. 

•• n... 

MylWf. 

M,      .1" 

0.4 M., 

0."l .' 

,K72 

u, -41 

«1 2 

<\~S» 

0.7*4 

0 M4 

0. 71 4 

(J. "" 14 

«•Ihn»«' 
CK, <-o, 

1.H4 

! .    I 

\ M 

l.'B 

1.M 

1. It 

1. t» 

1.44 

1.4 4 

? »i 

2.14 

..•MA 

l.t.4» 

I.4TS 

I.MI 

1.2 »i 

1.05 7 

o. ti ••.' 

n. 7g 

0. ,'t> 

«h«ll»n   " 

m,,! 

i« » 

34.( 

2«.<> 

2h,4 

M.l 

21.«! 

IM 7 

1*>.9 

14 0 

13.7 

12.1 

!ct»,}T» I«1 

H.4 
M.S 

s '.. 2* 

4      4< 

>'). 1 

29.65 

lb.O 

:"|*() 
2 MS 

2 pon 

1-20 

14'»5 

1 \0"> 

1040 

704 

H,S 

tul'M 
dioai.l*' 

SO, 

A nm«n t 
"H. 

.1. 

20«. 1 

177.4 

ist.* 
111.4 

US.2 

101.• 

90. <J 

74.1 

SJ.l 

40.«» 

56.1 

"•« '7 

••100 

í>040 

SlhO 

4475 

"l."i 

11 ;o 

U)Q0 

2520 

1»10 

1 t<>4 

1 ? SO 

»'T 

(.' • 
i.0! 

1.S1 

1. .'<> 

'i  >T 

,;h,700 
1 i    ,100 

nOO 

,    00 

•  i •  too 

00 

- : '0C 

'J.S00 

111     t.     '•'    Btillr 
9  T.t«<)>« i.n Inorf 

>P.in«t.    1«1> 
(nie   tnü ThfarttlfNl t h«n.i»lry. 

52.1 »"1, 

4 5.*. < 

40.1 1' ' 

(5.2 )    • 

(0.9 Mi 

27.0 c; 

21.» .. ( 

1».! 252 

14.C N- 

•.i r« 

Val.   I.  ». 



Idilli 

Ira»*!»*  v«   U«* 

AM t "i.dH tuning 

Ha« in,; 

l.ighl brti 

Dark t>»t> 

Si«.(.i .1 •     '•• * i i •' '.»•*! ri >     ' i i • • * <• • » *    ** .N:>«'«TI«IAI   !'• 

T.«,..,.,, <„,... ,;'";'".;•;, <-• 
(W-.J        Un«»' 

IO IO 

IO 

Ü  •)• OS 

ai« 0.2 

ai* ai    soci 

0.1* 0.1       1,000 

7". 

f-U 

Low      i No  i   -ri -, s i • f    •      H      ' 

lx)W     0.2     ¡''.•.M*" 

l,ow     0.2     ['   !.,',!* í '«• 

t h ir.   17-   , , r- 

l.ll  ('<-''  ' 

l.o*    (J.2    l><iii,.r     :•»'       •»' 
thin   27S   , , • 

nil   7.d  ,,,   -,    - 

l < j;uii.r» lu 

.,,,...: 11) 

Cait>»i.atrd  l olll^l i 10 

2S-7S        0. 2«      ti .' 

0. 2«      0.. 

2SU 0.2        0 2      «.SO 

(0.1') 

••0- 100 

1...W   i      y ••* \f 

Low     1 i' ''I ' •• 

1 :•*     0.2     1' . 

fimi»« Uaneiy 

Dwi.Uim. 
Gin »ivi »puits 

Whi»lt> 

0.2*     o ;      100 

«.0 

to 

10 

so as»    i' s 

0.1*    o.;     soo 

0.1»     0.1       1,000 150 

l,©«.    0.2    V    H   .p    ,   ' 

U-<  h»r 1  . 

1-ow     0.2     Prtih.r    ?   »•   .   ,r • 

thai   2"     , , <• 
pM u :.-7.'j 

i^)w   0.2   Pci«bit  ; •>" i .i ' 

than   2'   '  | , 
,,ll   'Oí-     it 

¥•»4. ganrral 10 
kr i 

Latindrrtn, 
Plcitlli »,  firm,   ttfkcala**<l 
P»p*t and , ,il( 

Groundnut» 1 

Krad pul,. 
Sod* »lid  s u i.' i í r 
Hl^h-^r*t.r li, hl   impere 

•ayou tV.v <>..t' • 
Pulp production 

ManuUdvr» 
Tanning 
Tallii«» 

Ornara I I 

DT»I»I I 

so 

a 2*    0.2 

0.3*    o.;    i/o 

U?»      0.2 

2 2 - 0.02« 0.0. 20U 

50 200 ISO 1.0» 0.'. 

» IS 100 0.2» '1 1 .S CK 

1«! 10 loo 0. i * 1 : io 

S s so 0. 1« 11.1 .ou 

- DlMil.r.l   '      I, 

U««tn en* 

UH»    • Pu(»».> 

lo»    - PoUbl«      SlO; 

than 10 |>, t. 

0.0S»   0.01     10U foto.  MI   Oli fi 

ai     - ss &o     o.o 
10 10-100     SO-US     0.2«      0.2 

M 
S-W 

Total  I J5, OH » 

Vael te »urini — T0 — 
Cenan a«n4ac« SS 

H>»m»i aprii*» barn io tran alan« and ta ih« »am ai 
"Paracl« mana camiti rtaaj wlm arlnklaa «aia« Ma 

0.2S 0.JÍ    - 
0.ÍS» 0.2S    200 

1.0» 1.0      - 
0.1* 0.2      - Low   - 

ma aMncantat. 
W In* U.S. Pi*Uè H«al«h Sarvici 

hï   £T il   e r   e '. r î 

U 53  tne i  r 

r*»pe* Uvei/ 
pH 7.B io 8. .1. 

Constant co ni- 
Uon, Aljd cu 
than 0. S ;      . 



UP de'" dece""." 

utilize   the  < 
(¡i s s u ved  o> 

pld"t IK.-, 
o> vie <    IS   a1 

t h.  s i of 

M     t' '•       (   (1";.    • 

! j       L the    - 
d u S t r i al  WfV- 
c   level  wh - 
lower ed   ÍO   ,: 

takes p'dce 

The g dseous 
tent, hydro g 

Ih«.1  n»yqen   Pa1, .ime   in  Pol luted Waters 

Natural   surfs, e waters  and tidal   estuaries  amtain  organi c ^impuri ties 
,ifi.in  by  bacteria  and  other mi e rorrnani sms .    me  bacteria 
vr  dissolved  in  the waf»r  in   their   ftedmn processes,   ,.nd   f 

:••<•   is   in   'urn   replenmm'd   fron   tm    at no ,phere.   w^ere   gre- » 
^ '    ¡s   'jr.-'O  dnd blue   •¡••"-n   aloae,   is   plentiful    m   tw W.I'.'T 

.-..[.lmd  du'-'nq d.iyl' mf   as   a   : /-onmuof  r'   the  phctosv' - 
. y -, ,•..     tre"   ' af \ ••    '    Mide  an •   :    L-irborjtes . 

•, .-on   of   aefomposim:  -o-.-.¡ni(   natter   is   excessive, which 
if   Ve water  is  pei luted  with  sewage  or organic  ìn- 

•s ,  tne  dissolved oxyg'-n  concentraron  may be  lowered  to 
's  harmful   to   fish  a-c! other  a<;u<ihu    life    or  it may be 
oMcentration  near zero  at which  ana-robu, deconposition 

•m   'me  production of  gaseous  by-products  and  black water. 
,-: roducts  are  <. arbon dioxide,  methane  and,  to a   lesser ex- 

.,.„.,. i  vJ'de and nercaptans.   The sul*"-, ce conpounds  cause foul 
odors'  anc  reimt with metals  in the water to  fori blacx precipitates,   re- 
sulting  in bla--, water.   In nany cases where sulfide odors  are presen»   •" 
the atnosnhere above  the water surface,  the sub ides  may react with  paints 
on buildngs,  boats  and structures,  to discolor or blacken the oaint. 

Many pol'uted waters  are analyzed routinely by water pollution control 
agencies dur mg the warmer and drier months who-', oxygen  levels are  low- 
est and the  rate of  bacterial decomposition  is  greatest.  Dissolved oxy- 
gen,   Pr)0 ,   and o'her determinations are ma<> on  sanóles collected from 
selècted'sanpl mg stations at selected time  intervals  throughout the 
critical  months."Such analyses are useful   in measuring the extent and 
nature of pollution  and  in  locating the points  of minimum oxygen concen- 
tration, but  they  dfe usually not an adequate basis   for oxygen balance 
:tudies to    estimate  the allowable pollution  loads  and to plan means 
for pollution abatement. 

The most important purpose of oxygen balance studies  is  to estimate the 
allowable pollution  loads at existing or potential  points of pollution. 
The difference between the allowable and the existing or potential  pol- 
lution  load represents  tne renoval which must be accomplished at each 
polluting point. 

In oxygen balance studies to estimate allowable pollution loads, oxygen 
furnished through photosynthesis by green plants should not be relied 
upon because there is no assurance that it will  be available during cri- 
tical   low flow periods.  Studies should, therefore, be made of existing 
receiving water conditions to estimate how much, if any, of the oxygen 
supply is  from green plants.    The rate of supply of dissolved oxygen 
from atmospheric reaeration may be estimated for existing conditions 
from BOD and dissolved oxygen analyses, provided corrections are made 
for oxygen supplied through photosynthesis and due account is taken of 
the settling out of decomposable organic matter and the BOD added from 
bottom deposits. 



Oxygen  bal.v" s'.ud'i"    art1 of  use only when-  '.here   is 

in  the  ret M v i no w it>>rs . 

a ways  f 

Where larg* •: M^ • ! • "' of <"• / h a >j <, t. cool : ng waters .1 f hi .e t"mp'"-atu'• 
<>re disc htirgi". wi'o ' h<> reifivinn waters, fh" •.»'•mpnr-A * ore of f»"" r 

rfa'"i , "MV !•'• raised well above tha* which wo.Id be export 
onditinns.   This   is  ,1   form of   pr-1 1 ut 1 on  '-so,-. 

ceivinq w¿ 
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••) fish arid ether d'.uat'C life, '-uns 1 d>-rat 
•n se":" t.¡ses t.0 r'"'j''ior in tho-""".j : ;.••••!•' 

i'   à   pollution  atat<-"-"nt   pruiect. as  a  legi t via te  ; ai 

The design flow ro-d^'ons to b" used for tidal estuar T-S, la^es c 
oceans should be t'ios-- whu.n will produce ' l>" worst r r- f • rt i 11 0r. s at '. 
tical points or in critical areas. Usually the' worst cordi ti oris dr<;: 

during warm and dry weather when  the  f.ow in   th'? streng;,   is  a  ninni 

Saturât i c>n Cone en t ra t jn [i _of _0 i s sol ved_fJxy_ gerì 

The saturation concentration of dissolved ox>nen  in distilled water at 
various   temperatures   111  contact with  a-r contadina ?0.9S   * oxycen  by 

volume or  the dry bas's  and at sea  level   (763 <nm of Ho)   is  shown in 

figure   ?vi          for both dry and saturated air. 

IO 10 30 <0 50 «0 
Tt««rcrotur«   Of Water   *C 

Figure  23 I I Solubility of oxygen in distilled water in contact 
with air *t 760 mm containing 20.95* „ oxygen. 
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The solubility of dissolved oxygen is also less in brackish and sea 
water than in fresh water, as shown by figure 24:1. The same 
indicates that as the salinity increases the solubility of oxygen de- 
creases, beinq only about 82 Ï as great for sea water as for fresh 

water. 

1 ' 

The Dissolved Oxyje^jSag_Curye 

Cxygen balate stud'es of a polluted stream usually result in one or 
more dissol v.:.i ixyf"   profiles alctq the course of the stream.   Such a 
profile  is referred  to as a dissolved oxygen sag curve and is  illustra- 
ted   in  figure   24:2. 
The objective of pollution abatement is  to remove sufficient pollution 
so that the ni ni mum oxygen concentration at the bottom of the sag  is not 
less  than some predetermined standard, ä or S ppm for propagation of fish 
and 1  to 2 ppm to prevent odor nuisance. 
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Time   of  Flow   in Days 
Duijrjm of simple oxygen sag curve 

Figure 24:2 

Figure    24:2   is a simple oxygen sag curve for a nontidal watercourse 
with only one pollution load. The Initial dissolved oxygen concentra- 
tion drops suddenly at   tHe point of pollution, if there 1s an immediate 
oxygen demand associated with the wastes or if the wastes are voluminous 
as compared to stream flow and contain little dissolved oxygen. The ini- 
tial  BOD load, LQ, is the net demand after mixing with the receiving waters 
and after satisfaction of the'immediate demand. The BOO of the receiving 



waters just upstream from the point of pollution must also be taken 
Into account  in estimating Lg.  The difference petween  the saturation 
concentration and  the  actual  concentration at  any  station  is  known  =.: 
the oxygen deficit,   D.   At any station,   the  rate of chance of  the oxy- 
gen deficit with time uf  flow downstream, which defines   the shape of 
the oxygen sag curv .   is  as  follows: 

-¡ft     -     2.3  (-k2'J     •     k,L) 

where D  is  the oxyoen tieficit in pom,  I    is   the  first  stagp oxygen demand 
in ppm,   t  is  the time of flow in days,   i^  1s  tne   atmospheric "eaeration 
constant  in days'l,  k]   is  the deoxygena'ion constant   in days"^, and  a 
is the oxygen production  in the euphotv   zone by photosynthesis   in ppm 
per day. 

It 1s  evident  from  figure 99<2    and  equation  that  the  dissolved oxygen 
concentration at any    stauen is  the al<:ob>aic  s.:r. of the  initial  con- 
centration at an upstream station,  the oxygen added   from the atmosphere 
and from photosynthesis  between station1 , and the amount of oxygen used 
in the bacterial  decomposition of the pillutinq organic matter  in  the 
water.   The critical   deficit L)c  is reached at the bottom of the sag wwen 

the slope -r:    is zero and the rate of supply of oxygen  is equal  to the 

rate of deoxygenation. 

The critical  deficU  is, therefore: 

f 

\ 

2.3 k,Lc - a 

2.3 k2 

where L is the fi*-st stage demand at the bottom of th- ao Coriv.rse" 
If k], kp anc* a are known, the allowable first si ige < ^ ,d .c for ..- 
selected    critical  deficit Dc, may fj estimated a^   rolicvs: 

Lc 

2.3 k20c + a 

2.3 k 1 

It should be noted that above equations apply to the station at the 
bottom of the oxygen sag if Dc is less than the saturation concentra- 
tion. Oxygen balance computations are usually started from a point just 



upstream from the first  point of pollution,  and proceed downstream with 
trial-and-error  solutions   fo" each reach.   It   is   possible,  however,  '.o 
start oxygen balance computations at the bottom of the sag,  even  thojqh 
the location  o'   thib pent   is  unknown with respect to pollution   loads, 
and to work  upstream to determine the allowable  pollution   loads.  Above 
equation may  ".•••   used  VJ  compute  L    whethei   o-~  not  there  is   settling ojt 
Of BOD,  add 11 " ^  of   B"''   from  the  bottom drpuMts,  or bo*h;   however,   'hose 
factors mus*   te  taken   into  account  to  compete  upstream values  of  L arid D. 

In a grossly   no 
reduced  to  /e,-u 

.ei  >,trea-v,   the dissolved  • • xygen concentration may be 
tr.e  button o'   the  '.a g  as   shown   in  figure    2b-). 

°t. 

I 
o 

0..0 

». «. 
Tim«  «f Flou b« Daya 

Figure  26:1.     Diagram of oxygen sag curve with oxygen concentration 
reduced to zero 

It should be noted that, even though the concentration 1s zero 1n the 
retch t2 - t^, oxygen 1s nevertheless being supplied by reaeratlon from 
the atmosphere (and possible by photosynthesis) and the rate of supply 
1s a maximum because D is equa! to the saturation concentration. There- 
fore, the rate of deoxygenation in the reach t£ - tj is limited by, and 

M 

J 



equal   to, the rate of  oxygen supply. 

The  rate of deoxygenat ion will  decrease  from the point of  pollution  to 
point  tj , at whw.h point,  there will  be  a discontinuity  as  the rate is 
controlled by thn n/yr^-n .ivailable rather than by the  BOD.   At point t?, 
the  rate of do" ^ yj- •" it i MO   r]ain becomes   proportional   to  the   remaining 
value of  L, and downs tr<v>n from ;,)int   t->, dissolved oxyqen   is  supplied 
faster   than  it  is  utilw-d by  th<- bacteria.   The  value of   L  at  point t¿ 
«ay be   conpuU-d  fro"1  '-,wation abow   The  time   interval   to  -   ti     may be 
computed  by ncrh'r.-;  \ •   :t   fi,,. f,xy•<>•-  us-d   in  the  reach   is   equal   to  the 
aaount of dissolvili o-.<;cr.    uppli^d. 



íiYA. í-.-,i '     ••    -  •        '      AV;   F'r • ,   >í \',   WAT; -^ 

In order to  oe  .i'.l-:   to   reduce  the influence  of  discharge!  effluent.', 
fro.i   th.1 i'j",    ir.:  p.ìper   ma istry  it   is  necessary  to  have  know.edge 
about  the reiu'ions  between   the effect  upon   the environment  and  the 
parameter; OT   tne process.   Our knowledge of how the discharged efflu- 
ents  affect  tne wdter  environment or  the  recipients   is   not  complete 
and  the >;u   "      ;    :-n-thods  to detcm;,.ne  specific   values   are  thus  quite 
doubMul     Th,'   ;   •.   'un .^ed   .-.aste water   from  the  pul;ing  process   is  co- 
loured,    i.'*-i  ' .   lujnin,  Susoendofl materials   and Substances  which will 
hove ,i ïIJ! ;,    >ii  oxygen d-vnand  l BOb, ;.  Certain discharges  can also  be 
toxic. 

The 0'/.¡t . :••• -.• ; f th-' . í i ^ •. hi njt.s depends upon in the first place the 
con tei.'   of   . '.'(,il   o*i.¡liable  S .b'. toncos,   mainly   metrianol,   terpenes 
and     rvbwn,'!'   ••>.   The  iol...r   in th'- effluents  comes  mainly   from their 
content of   li ,¡m but   also  to a great  extent  from modified  carbohydrates 

In tht toll..«r,; rne most common methods of analyses applied in the in- 
vest i gat no. s :A wd'ers concerning environmental effects &r^ briefly de- 
scribed. 

Suspended MaUer  in  Waste Water 

The  fibre content  in white water is determined by measuring  the amourt 
of suspended notarial   (SCAM W6:71  see appendix),    eventually can a cor- 
rection be made for solid,  unorganic compounds by after the determina- 
tion  to incinerate  the  sample.  The suspended matter content  value is 
reported in mg/1. 

Bi_oc_herr i caj[_0^*.ygej¿_ l^enidnd of   Industrial   Effluents 

The rate at which dissolved oxygen is  used up  in fresh  sewage or sewage 
polluted waters has  been studied extensively by many.   The biochemical 
oxidation has been  found to  proceed  in a manner similar to a unimole- 
cular chemical   reaction,  that  is, the  rate  is approximately  proportio- 
nal  to the remaining concentration of unoxidized organic matter, mea- 
sured  in terms of oxidizability, and  it is a  function of the temperature. 
See the following figure no   29:1. 
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The amount of oxygen usee! up is <. .i ' 'eel t*n- t-I'   "
iw;   A.   •IIï'1[\   •[•»'' 

Of BOO for a  part i <. ijl a»   time and  »voter  „empi .-rat... >-,..   K       W   i\.v. 
become standard  pi-ai'u^ and are   now w   viy UM-*,     »-t   < V:'^i,f-u p- 
dures for the tes*   ar^ des< nbed   u:  SMnP.i-a "-"'ods   *••»   *h»   !.»<v 
tion of Water a*id  Was'»wa'cr,    Ameru«'»  '•• ;f ! *.   "ta'"!   A< 
Sweden normally   the  •»;»'• Kid developed   by   *'•'   >< ^ii-i n • va - - 
and Board  Testing   i.rvvi ">>(>  is  used   i M AN  ¿^     :,   • e«    art 
countries  an  incuba'ion  pet i od  ot   -> days   is  ;HTKIII,,   ap: 
Hod of  /  days   spec"f'ed   'n this  method   is  ctv:"M' t   * 
working a 5-day week 
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The BOO of  sample of   cewaqe,   indusî- ; aÌ   wastes  <- 
•••sure of  the concentration of   decorno*    i!       ot i 
sample.   It has become the most ust'ul   »irop   d. • 
tine examination  of  sewages,   tndusti-'a!   wast«? .,- 
ioents and, especially,  in the examina*  on v   t 
•©llution  studies.   The  BOD concept   *nvelves  n,'* 
••nie material  which  is decomposable b>  hactt"   , 
•t which it will  decompose aerobe ally.   Ihe hO!; 

u*ed as a  laboratory model of the  deoxygenat 'on 
water. 
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Tht concentration of decomposable organic matter  in wastewater or polli. • 
t*d i*ater    is not directly measurable and  's of  ì   11 le  importance » >*ep' 
that it controls  the demand for dissolved oxygen.   The associated c    so 
v*d oxygen   demand on the other hand,  is of major   importance, ano        s 
1$ measured by  the BOO test.  Decomposable organic   matter may be r(> ::,< i d 
1n concentration by a number »f different   processes   in  tn-rtment aii's 
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.• er s     sm, ,.   the  amount  of   the  ossuc i iite J u»ynen demand, 
i,.,   j "..,'/   nf   ui'.;,mit   matter,   i •>   th»>   parancter  of   interest, 

MTìHM n ,rrtitno to  use  the  ten.'  "BOD"  interchangeably wi tn 
-;i[i.sa: li   '.ir.-ianu'  -utter"   in  di scuss i cin<; of  pollution   loads 

!,  a;n.. outs of   onjanu   matter.    It   ,s   important   to note   that 
-.  ¿re  of oxygen and  not organic  Mtter. 

i-,-.-.,   ^een subjected  to adverse criticism ne.ause of  the   IOHQ 

• ii   t ,r lis  completion,  S days   ir more, and substitute  ce- 
iv i-  o e (MI sought.  Cnt^in al   test . may   be used,to determine 
'i   i   of chemically oxidi/able   injanic  matter, but  the   resi/'t 

•<•   is   tc i, '. oc hemic a 1 ly omdizaile organic matter and     it 
/ •   ,•'-,   ti,«   bien nemicai   time rate. 
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.,.-.,-*\ «-mod   by determining  the dissolved oxygen content of 
• ,'  In jinnir.ij,  and  after  various   incubation  periods  at   the 
.ire.   If  mere  is   insufficient dissolved oxygen  in   thp 
j~ip>'e  test, oxygen is added  in  dilution water or by 
:-os'  i 'portant that the bacterial   seed De the same as   in 
lotej wafer and that the nutrients and -ninerals  be  re?re- 

tne   poi lutea water. 
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Figure    30:1 
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In conformi ty with all t ìor.hr-mical pmcessps whf measur i r.r. ''.'TM *.h. 
Oxyçw» consumption show, in fhe beginning a s 1 ow phas" t*«. so calM." 
Incubation   p'""'r(i.   A  ..»•»-1 od < f   intensive  oxyic;   c "S -rr[> '. i oe   " s   '.'" • 
followed,    Wb''» ' •! ' ' er   *e..    <,,)pi..   rjpr.re.ise-,   rt^,'''i.      '-i,    'S    r. "i. ..|' • r(. • (M; 

by curve  A  in  the d i u • i r- rj m shown   in figure     jO: ' 

The curve  6  m   the s,in>o  diagram on the  contrary  shows a   considerably 
more compi H a* • 1  (",<--.,    with  reuea* IM) rji-owMi  ari-; sf.r:n > t ''.,r.   :. -j* »~ i c <"! s. 
Both of   the <urvi-      .. • •    ;(. ,• '   tij  »h,. •-,,•!,('   s.vpV   if  ef 1 _,<--n t  waV r 
f rom d chlo»   i"  su v.   'he   '  flíTüit ...  J-Sí'S  ùr<j e,.;,lairi--l   lv   .->.  ^in- 
ference   in   the  tjudlif.v   D:   the  bacterial   seer;     .-J ,••.•.•'• v or,   it   must   be pom- 
ted out   that   '.'•   \¡¡''-'r- nee which has  ticen  sh.Ai   OI this   case-   is area- 
ter than   that   riur'a ! 1 /   • íitaovn  wh"n me^-.jriric   ;'>''.   "i  eMljents   »"ro"1 

chlorine   filters.   Ihe Bt'L)rvalu°s can de  consvo-ot:My spr-^cVd   althcr 
^r•• ,31   si cd   i s   che s* 

til I uri lit    Tillers,     ine   Ol J ,-Vil IU"S   can   ne 
relatively  ip ¡cuentent.  »f t^  tine, hut 
which is  rnon1 .iriapt••(!  to  chiarir- effluents  a   !(; s s:.'ree.c   o*   the sar-? 
IS obtained.   A>"M r.easu-'inq :J'JM   MI  the   *•]••-->•. • >-   _h(;.   _ ,. a ] ,   sta':e 
the spread  is  still  \\>ller.   BOI»;   is  ICL^V;   ,.., :-i0 ,>•._.-.•   ,. ;   c>y:c'- de- 
nand in mg per  11 tre. 

Çhj5iç_a_l__Oxyfjen  Demand   of  Industrial  Lffl uents 

Potassium permanganate was first used as  a   rea^nt to determine the o_w- 
gen dewaid, OC,  by organic matter (SCAN-Wl :%,   see appendix}.   This re- 
agent hai  now been superseded    by potassium di Chromate,   and  the values 
Obtained  are known as  the dich_rpmaJp_o.x_y_cj.e_n_ consumed, DOC,  or  the (Me- 
wl CI I oxygen demand. COJ.  Since the carbon and   nydroaen,   and   not the 
nitrogen,  are oxidized  by the chemical   oxidants, the COD   is  sometimes 
erroneously assumed-to  indicate the total  carbonaceous  organic  matter 
present.   For most organic compounds oxidation  i s 95 to  1 CO  i complete 
with the dichromate method.  Oxidation of short  chain alconols  and acids, 
1s 85 to   95 % complete   'f a silver catalyst  is   es-d.  Benzene,   'oluene 
and pyridine are not oxidized by  this method who*1'1'- the  ca* •'•.'-*  is 
used or not.  The COD test is not a satisfactory -•.institute  -or  the EM: 
determination,  but it may be used to re du  e  -_r,o       her oí   ''OD   tets w*'   ' 
•light otherwise be required,  if the rsulfs of  tte two  tests   a-:.- .orrr 
lated on occasional  replicate samples. 

COD is reported as chemical Jxygen demand   ie rrg p>r litre 

Total Organic Carbon in  Industrial Effluents 

The deficiencies of the COO test can be avoided if instead the total 
«wunt of organic carbon in the sample is determined. Thi., analyse can 
be performed according to two principles: 

Combustion of all  organic material  to C0? which then is detected 
by different iiethods 



Pyrolyses of orcanic maten a 1 to 'HjuMiti is the»« cither ox1- 
di/ed V LO,- for IR detect ioti or is d< t e run n ed directly with a 
f I time  'urn ;at ion  deteitor 

An  dnal'.v". i-f  ''R    nv"S  a measure of   all   carbon  »pmi'unds  (dividid  "if. 
(„P,. -,    ,..,•   ••    ,    ,t ••        art.onl   MI   fHc   «,,implr.   ' '     ",   t.  ,.    ,  sui'   « •   BR 
prrivui1'''   *'..''   •• ' '    ',i>" -m  (oiii|"ii|i"is   tan   '»   ''.oten   dnwi.    'he  i ••v-.-i  (""'• 
polios   w'l'1     r    'ht    •'t  .t  p 1 a f. c make  up   the hiO/   V<J I if   arc  the  rarbiRy- 
dra?"s   -A''!-   •' '    "•,1,1'    <"  liqnin   has   a   very   K.w  t"L'/   value.   RH-value 
i -    r»pO't <-J   "    '"1   ' 

(u'.y    • '.   RR  - r w • ¡   f ' f luents 

The  cole.'   o'  an  effluent  is usually measured as   the strenqth of   the 
same  lier'- aR-rption  as  a rhlor . ne-plat *. "uci solution has at a certain 
wave  le"vT.h  v4._.0 nnr.   'his test  is  usually made according to ASTM (3) 
method. 

When  df-te-^if'-nn  the  colour of  filtrate     fron the  bleach  plant which  con- 
tain  a^'t'/e •• .' 1   r i no   •*.   is necessary   to  tra«, e the   sampling, dilution aid 
buffrirç   ,r  a  r<'0rcduc able way  as   t'ne  between  thnte working moments   in- 
fluence  tie measured  value obtained. 

After neutralization  the colour of  the  filtrate  increases with  the time. 
Eventually this depends  on an air oxidation of the sample and as a con- 
seouence  forced  chromophores. The colour  increases  also with the time 
when the .airple has  been standing from  the time  it has  been taken and  to 
the time Rie test  is  performed. Most  likely the phenomena is related to 
the rest cilorme of  the sample.  When  the sample  is neutralized hypochlo- 
rite is  formed which effectively bleaches the coloured  groups  in the  liq- 
nin.   The lower the  rest chlorine content is the  less  hypochlorite is 
formed  and the  less  the bleaching effect will be. 

Hydrogen Sulphide  in Waste Kater 

This method applies  to all kinds of waste water.   If the sample contain? 
sulphur dioxije,  a modification in thè testing procedure should be used. 
See appendix description of SCAN-W4:69 method and note  1. 

After acidification of the sample the hydrogen sulphide is stripped off 
by a stream of nitrogen, absorbed  in an alkaline phosphate buffer solu- 
tion and determined colometrical ly by the methyl ene-blue method.  The test 
value  is reported as sulphide concentration in mg of S2/L 

Non-Volatile matter  in Waste Waters 

The dry matter content of waste water is the ratio of the «ass of the 
dried  residue of the evaporated sample to the original  volume of the 
sample,  the drying having been carried out at 105 °C * 25 °C. 



T 

The    loSS    On ;r.'''.ir     - '.    *^i     (';•* f <•<><• •     '. > • * w » * » ' •     '*•••    <\ ' /   "le ' ' >• r 
and   the   res ii'.i'   ii.   i'.'ii't.'   ",   ' i \it-> ' i<i   ii',  "",/ 

Sett] Citile   M..' *"'    "     A--'  V   W.)*'  r 

The  test  (',!•.    '     :   •'   '   fN-w.'   ;i   ''"thod,  ',"<•   ¿»MV^ > > •   ",   •r-f^-'.  ' 
for    Hied  ,ut    ' ' '  •      !    .    .'  '     .'      , '   * '  ' '    .'' !r   'I'd' ' '  '      ,'•''''     • *      •',:.','' 
wast»- v^itcr 

Thf sir: le  i     •'     ••    •• '        '   .-."   .•• '¡i-:-   's w ,k'-'<-'.,vr  .<"' ' ••«•r   -i"... 
to   sc* t U-   1< •    ,i   •/ •••     '        •••"•-,'!' ' • r,il 'v   ,r>   ••"-,•.••..'> i-   ', j :'<'.»-.• .•   ; 
water   is   roe  :'.'•   '   ' ;    ,..   •   ,.i    t"<1   '•<    n'ma • r r: r, r    i ..    » t ]*f.r,>*.   Tht    <  < 
matter   so oï ' -i   '••• •   • •     '•••:.!•:«      ;h<-!.  A*«..r   >,>:-.    V "•':   i *   's   < < 
ted as  s./it',' ,i: '•• 'v. '. t'T  • ..n*. - • ,     „!. 

Maçjnes i jm i'   W.!''" '*'.*. *f,r 

The  sum of m^T^f'S ' jf  and <_ <H 11 i um  is  licermi ^oc!   ^o' jPic'r-   -ìVy  w'th   ÍT" 
solution.   In  a   separate  titration   * he (.aku'"   i'   d"tt •",   and   'h>. 
amount  of ma::'*••. ' JH   !s   obtained as   the d't'en-". e   M   "C  ].   ¡;SCä\- *•. ^   b< 
see appendix,. 

Phosphorus  in  Was*e Water 

Regarding additional   methods  of analyses of  indi 
wish   to  refer  to the   literature   in   t   :s  'ie1 •: 
tion control   and especially  to  the  btandarj V- :. 
Water Pollution Control  Federation   (WPJ),  3-^ 
ington, D C  ?0016, USA. 

Sodium content of wet  pulp 

• ' d 1  wa :. * » à .   ' r we 
i rü'^'e   ' o   I      . 

• i , _ 

OUÍ  1 1 S'> ,'    h> •ht 

i CCS ' r   '• . '. C't , .•.'est- 

The sodium content of wet pulp  is defined as  the  amount of sodi un1  tha. 
can be extracted from a sample of the pulp with  nydrochloric acid under 
specified conditions. 

The puip sample is diluted to a pulp concentration of about 2 % and acidi- 
fied with hyarochloric acid.  The sodium content of a sample of the l'iquic' 
phase is determined by atomic absorption spectrophotometry or flare oho.o- 
metry.  The dry matter content of the pulp is determined gravimetri cal1,y 
and the sodium content is calculated; it is expressed in kilograms  of sodium 
sulphate per metric ton of oven-dry pulp. (SCAN-C 30:73, see appendix) 
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In the next figure  35-1 the chemical balance is demonstrated. One should 
also observ that discharges of inorganic sludge from the green liquor 
clarifying, reburning of lime/caustici zing and fiber and bark sludge 
are    included. 
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Mfur.    35:1 

Mr «ulsslons from sulfat mills are of two Kinds, dust and gases.  Dust 
1s «ilnly coming from the soda recovery bo-iler as sodium salts and fren 
tilt 11*»    kiln   as lime dust. The emitted gases are mainly containing 
sulfur compounds together with water vapor and carbondioxide from the 

ling of the liquor. Gases in greater amount are emitted from the soda 



MI >v'tM y   'jcì'rr,   11 ne     kiln,    digesters, washers   and  tall   oil   plant. 

I" '.fti'1»      <b.l    the amount of  gases  emitted and  the sources  are listed. 

Table     36:1 

in"     ',{)••   *o  the  air 

S-.rCL. Compound Amount 

Soda  Recovery 

I i me   Kiln 

id 11   oil   cook i ng 

Digesters 

WdShers 

[ vapo'Vtion 

Bad smelling 

Sulfur-compounds 

Hydrogen sul fu,- and 

organic sulfur 

compounds 

10 mg/m      flue gas 

100    " 

Soda  Recovery 

L i me  Kiln 

Odourdestruction 

Sulfurdioxide 5 - 20 kg/ton pulp 

0.1 

2-6 

Soda  Recovery       ' 

Lime  Kiln 

Bark  Burning 

Dust 200 - 1000 mg/m3 flue gas 

200 - 2000        

500 - 2000        

Bleach Plant Chlorine 

Chlorinedioxlde 

Sulfurdioxide 

Temporary emissions 

and ventilation emissions 

Unidentified 

emissions 

Bad smelling 

Sulfur compounds 
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Cooking, washing ,irui  screening 

Coojunrj 

The cooking of wood  chips t.m  take  pla<e  in  tatsh  or  ceriti nous  di of-s- 
ters. 

The noncondensable  <• j H s « - •, whnn   the  bat' h  digester   is   relieved   froT  pres- 
sure contains  S-'s'd>-s   'i   tronnn,  ' arbo^'inx id<-,  methanol,  ryra'ic  acid 
also  very   ill   swll'nc;  "r<j."ic   su 1 'uri •-ryourids   as  rydrogonsu 1 ph i de , 
methyl rnrrca tt* an  ( !•" 1 ; ,   o  ¡net •;,' ! su 1 p'i i<'.    i sM', ;   and  e ir o' "/ lgi iu 1 p" ¡ > 
(DML'S;.   Most  o<   fh"   last  compounds   nw y  hn ve  cmdC'Sd ' c •!   together with 
the  raw  terpentine.   !he b 1 a¡A   liquor,  obtain*"!  during   ;.he  coc^'.ng  ,:'-d 
containing alkali   ard   liquor compounds,   is  in  a   conti'.ous  digester with 
a washing  zone drawn   uff   from this   and   th>   steam  relea.e(i   ; n   two  steps 
in two  flash  svrlnn^s.   The steam  from  the first  flash     cyclone  is   ..sec 
in the  près teaming of   the r^To  and  the steam  rro;p the  second  flash  cyc- 
lone  is   utilised  for  the preparation  of  ho'  water,   irosi  the  condensate 
from the  rt.]t.as(d  ste-am  raw  terpentine  can b"  separated.   The  black   li- 
quor goes   to  evaporation and burning. 

ashing 

As  the bljck  liquor contains biochemically oxygen consuming substances. 
Sulphides  and  other  environmental   polluting  compounds   m  a  high  concen- 
tration  it  is  necessary  to wash  the pulp free  from this   liquor as  far 
as it possible also so that it can be further  treated  in  the process. 

For washing of sulphate pulp different types of apparatures  are used, 
which are disconti nous  as well  as  conti nous.   The  latter  types  are new 
dominantly being installed.  Of great  importance  for an effective washing 
of the pulp has  the counter current washing  in  the continous digesters. 

1. Diffusers were formerly very common, but are now more and more re- 
placed by continous washing equipments.   In  this  the washing  i;   done by 
replacement of the black  liquor succesively  jy  pi   e .va '•n water.  A i the. <r> 
the diffusers can give a good washing result  if correctly •-. ¡men'i'onec 
in relation to the production, they have several  ..      russes.  The 'i'p, 
washing time makes  them require lot of  space and  they have a  not s.1  gc. 
flexibility in regard to capacity.   ihe course of the washing in them  -': 
instable and it occurs that the zone of displacement happens  to be un- 

even or  irriguiar, when unnormally   large amounts  of waihing  liquor  is 
required - high dillution - in order to achieve a good  result.  The  re- 
producable washing effect is therefore    not adequate am   is not meeting 
the requirements in respect to pollution control, as mocern washing 
equipments do. 

2. Filter washing is carried out through repeated dilution, dewaterirg 
and displacement on usually four drum filters  in serie.  The washing  li- 
quor is normally pure want water or condensate added to the last filter. 
The repeated dilutions to a low consistancy with following dewatenng 
require large buffert VOIMKS for dilution liquor - filtrate -    frum each 

i 
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»,|(tl|wH) SN.M    Air, wh-eh  is  sucked through  the pulp layer on the fil- 
, ./.,.,*,    ....   -(.ini    in  the black   liquor, which also rehires  large 
tiltr.to'v,,!   -,-,.   In  addition  to  th<s  complicated systems     for  killinq 
tl,e' ,  ar .   ,-..   r,,.rv  of  thp   liquor   in   the  foam  must  perhai'S   be   insta ,- 
led    Th.-  1.1-0.    vul.n.-s  «f  the  liquor nu-kos   the  system rather  slow with 
,';,..; t   til«-  -:••• w.   at   production   chants   before   equi I ihnum  hc1S   been 

rea  '.-1. 

lhec ^tsfld   -Nues  mont;oned are mutual   for all  types of filter washers 
,rd  in.-,-XT     •'   of moliture or construction.   Open filter washers  - 
v-iruu-, f'il*».,-,   - crent-'  If,'-  oood wor-ing environment as   large amounts 
of  mo, st  v ,.••.-»••  ( n'ito in: no Dad'sme111ng sulfur  compounds  are  released. 
i.lh -.roule"-  -os neon solved by pressure filters which bave a complete- 
ly lú^vd    nuoú, as   they are working under pressure instead of  vacuum. 

'*      S'-rew pr<--.sos have  in some cases been used   in combination with fii- 
tpr.   for wa<M'o; of sulphate pulp.  As well  screw presses as disc presses 
o' the [)aveni,r.,-t-type are used  for washing of  other kinds  of   pulp, main- 
ly Nbbl-pulp. 

Installation  of presses of some kind in the  last stage of the washing 
has  i*s  advantages.  With presses  it  is namely possible to reacti higher 
pulp concentrates,  40 -  45 %.   The quantity of  liquor following the 
pulp will  then  thus be very small. 

Ine degree of washing efficiency for the press step is depending on a» 
effective nixing and equalization, when the pulp is diluted before the 
press, which  sometimes  is difficult to achieve. 

4. Hi-H>at washing in the washing   zone of a coritinous digester takes 
a time of 2 -  5 hours" which is considered to have the same effect as 
1 - 3 washing filters.  The following washing  is made easier as there 
will  be no foaming problem.  This counter current washing is  very effec- 
tive, and at  least 4 hours should be given it to be performed.  For pulp 
with a high  Kappa-number it is recommendable to prolong the washing time. 

5. The continous diffuser (radial washing)  is more and more used as a 
complement to the build in hi-heat washing. Through such a combination 
a completely closed system is obtained, when as well bad odours as mixing 
in of air in  the black liquor causing foam is avoided.  The washing in 
diffusers takes place through displacement at unchanged    pulp concentra- 
tion, 8 - 10 %. 

Screening 

Screening of the unbleached pulp is aimed to separate an to remove larger 
and smaller impurities such as uncooked pieces of chips, knots and not 
completely defiberized fiber bundles from the out of the wood liberated 
cellulose fibres. This separation is accomplished in screens, where the 
pulp at a low concentration - in general 1 - 3 X - is forced to pass 
through screen plates with holes in different sizes and form, through 
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which the accepted pulp fibres can pass. 

As /  complement  to screens so called centri cleaners  or vortex cleaners 
arf usci.   In  these the centrifugal   force is   utilized  in order to sepa- 
rate particles which  are heavier than  the fibres  e <] sard  and even bark 
pieces.   In  this  cleaner-,   the  pulp concentrât i ori   is   between  Ü.5 -   1   i. 

Screening équipent  and o'.her auxiliary equipment can be  arranged   in 
many different ways.   In a  traditional   screening department  "n a  sulp- 
hate mill   laree  praticai-,  as   knots  arc separated  from the  pulp  in  a  so 
called  knotter.   ihere.j '. 1er a   fine  scrinino  of   the  pulp tjK-s  p  ace  in 
two or several   steps.   Ar, "xample of   such  a   screening  system is  shown 
by  the  flow diagram  in  figure    39:1. 

CI . «H. A 

Cltutf ,, «li. • 

<& Ce»r», rwpt       J        ^J 
to rci*ti!nj 

f 
CI*M4 mr*»r-,    H C 

Figure   39:1 
In certain cases the accepted pulp from the primary step is passed 
another screening step consisting of either ordinary screens or cen- 
trifugal cleaners. This is called double screening, which is used 
when higher cleaneness of the pulp is required. 

When the knotters are placed before the washers, because of mixing in 
of air 1n the black liquor, foaming will be a problem. Furthermore re- 
latively much of the black liquor will  follow with the reject to the 
handling of the knots.  It is therefore preferable to let the coarse 



,1(V 

reiect follow the Pulp through the washing  section.   It  is  also common, 
that  the coa-sp  rein.?  mostly containing  uncooked  pieces   of chips  or 
knots  is devested back  to the digesters   for  recookinq.   In  this  case it 
can be of advantaoe to separate the  coarse   reject before washing,  as 
the chemic.il s   in the <aine in a natural  way are returned   to the  liquor 
system at  th¿> same  tinp as    the cooking  liquor will   not  be diluted. 

kfdjg/.on of  [HV^QS ; • n ta_l_P.oJ_k ting   Effluent s 

COCIDO 
From well  operated dicesters during  normal   conditions  there should be 
^jery small   a"vun is  o'  effluents. 

Sealing water to pumps and so on  is   normally pure.   Because of leakage 
around the sia ft  it can be contaminated by black or white liquor and 
terpentine. 

Cooling water from condensors is normally  pure.  In the case there is 
leakage  .n the heat exchange, the warm water can be contaminated.  Then 
it is unusuable. 

Steam condensate from the heat exchanger can be contaminated by black 
liquor if there is a  leakage.  In that case  the condensate must be di- 
verted to the sewer. 

Condensate reliefed,   when the pulp  is blown from the digester to the 
blow tank,  is  in general very «jch  contaminated by sulfur compounds and 
terpines depending upon now the terpentine recovery system is functioning. 
These   compounds mak-e the condensate quite odourous.   It contains also 
dissolved alcohols, mainly methanol, which  gives a high biochemical oxy- 
gen demand. 

The approximate amount of condensate from the digester blow and the 
amount of contaminates are given in  the following table no   40:1. 

Table   40:1 

.//j 
Batch digesters       Contin digesters 

Approximate amount/ton/ton pulp 1.0 - 1.2 0.4 

Sulfur kg S/ton pulp 0.2 0.1 

Biochemical oxygen 

demand kg B0D7/ton pulp 

! 
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Condensate  from  tne  dige-.ter  blow is   normally  so very  --"jch  contaminat ?d 
that it should  be transferee!  to à condensate  purification system. The 
general   pri n< ' ;J 1 os for such a   systen will be described  later when deal- 
ing with  the  "Vdooration of block  liquor. 

JtoMna 
The amount of  t 1 irk   liquor soMds, which are  remaining  in the  pulp after 
washing  is dissolved   in'i the water  jsrd  in  the  screening and  is ther 
carried with   '•   • ^tfl !<•>•'   \r<v.w the som«--  into   the recipient.   This is cal- 
led  th e washi n -:   ¡0ss . 

The washing lu-s  is defined as  the sodium content in   the washed pulp ex- 
pressed a: sodiunsulphate per ton 90 %  pulp  (kg Na^SO^/ton of pulp). 
It is   fairly »'ary to  quickly detenne  the Na-content''in the water pfase 
of the  pul).   ''•'•  relimen between the  Na-content and   the content of ir- 
ganic  dry sol'd   substance - or BODy -   in the waste liquor is  also faitly 
unambiguous ¿s   long as   the washing loss  is  in   the creer of 15 - 20 '<i 
I^SO^  per ton  of pulp or higher. 

At lower    cashing losses greater consideration must  be taken  to the dif- 
ference between   'easy washable" and  "total"  sodium in  the pulp becau..e 
of sorption phenomena.   The method to  get out   the sodium (washing los;) 
out of the pulp   is getting then more   important.    Less  sodium content will 
then be of less  interest troni an economical  point of  view, while colour, 
BOO;, liquor etc    still   can be of importance  in   regard   to the environmen- 
tal pollution degree  caused by  the effluent.   The washing loss defined as 
above should r.ot be used as a measure of the degree of pollution. 

Oilution ,, 

DF'" Vshower    -   <Lpulp    "    Lliquor>  tOn/t0n 90 X ?ulP 

V$hower    «   Shower water flow ton/ton pulp 

4HI1D        =    ^1cluor in   tne having pulp  ton/ton  cip 

''liquor    "   ^e araount- of original  liquor which co'tains ccrrespondT - 
amount of  solid substar.ee as the washing   loss    ton/ton 

The main part of the  remaining black  liquor ir.  the pulp after washinr 
foes with the screening effluents to the sewer.   In a   traditional mill 
this effluent discharge corresponds to about 25 I of the total BûD? dis- 
charged from the mill   and to about 50 % of i ts  total   discharge ot li- 
quor.  The washing department is therefore one of the most important 
points  to which attention should be paid, if one wishes to decrease the 
degree of environmental   pollution. The effect of the washing can be    im- 
proved either by increasing the   dilution or by instalment of several 
or more effective pulp washers. 

The simplest way is to increase the amount of waste water and thereby 



"•   di'utio'i.    'v,s  presupposes   that   the liqour  evaporation  have ca- 
. :   i ty  enough . 

horn an economical   point of view the optimal   dilution  is reached when 
tho value of   th.- last regained  solid  substances  is  balancing   the marr- 
i,.ii  evaporai''-'     ost.   Commonly  it  is   demanded   that   'he washi-iç  loss 
•,'   11  bi> r»-i!uc<-i  *o max 8 V(]  Na^jü4/t"i of  pulp. 

v, ,  ,  vistali •'•• •-'Ujil'Wnt  in  a  new washing •1*-p¿""t .n^n t   the choice of 
u, Jipmi-nt dtr.i(. •  :s  ui'on v/nat   kind of   o<,u ipmtnt   there  arc  in   tn*>  dv.ies- 
U r room.   Ir.   a  f..tP'yr-di yosf -*'- with ai1   inbuilt   four hours Hi-Meat wa'.h- 
'<<] sf „tor  i'0,t of   the v,ash,'iq of  the   pulp  is   t¿-in<]  place.   With  addi- 
ii..ita,   two  ACì str.no steps i*   is  then  possible   to reach a washing  loss 

• •  8 -   10 kç   N^SC^/ton of  pulp. 

Alter batch   digesters  in qeneral  five washing steps   is  required  in or- 
¿er to reach   a washing loss  of 8 -  10 kg NapSÜ^/ton  of pulp. 

When thosing washing equipment as a  role a machine which is  closed 
¿gainst the  atmosphère releases less  odorous  gase'..   A machine, which 
ca'i work at   hv-jn pulp concentration,   is less   liab.e  to discharges  to  l.h( 
r^ripient due  t(  affluent liquor. 

Most of the open screens are orerating most efficient at a pulp conce- 
tration of  1   -2 5.  This means   hat before the screens 40 -  90 m-3 wat-r 
per ton of pulp must be added.  Because of the construction    of the 
screens dilution and sealing water must be added in an amount of 10 - 50 
tr   per ton  of pulp. „It is not unusual  that with adding all  water to-      ^ 
gether the consumption in a conventional screen room is as much as  150 er 
water per ton of pulp or more. 

Through internal  reuse of white water fro« the screens it has been possi- 
ble to bring  down the consumption of fresh water to about 50 m3/ton of 
pulp.  It is   possible, however,   to bring down the same to 20 - 25 nw 
water per ton of pulp. 

The effluent  from the screens contains a certain amount of black li- 
quor substance. This quantity is in general  equal  to  that existing  in 
the pulp after the last washing step  (= washing loss). This water has 
a brown colour and contains a certain amount of fibres.  In order to  re- 
duce the degree of pollution several   purification methods has been tried 
mainly precipitation with alum and lime. Usually the precipitation of 
the effluent  from the screens is carried out   together with other efflu- 
ents, e g from the bleachplant or the pulp dr>ing machines.  Often the 
precipitate  is different to dewater and it is therefore difficult to 
dispose the same. 

Hosed Screening 

With closed screening it is understood, that desired concentration is 
obtained by dilution with wat«r, which is removed  from the pulp 

J 
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In most of the new mills the washing and the screening will most like- 
ly be integrated  into  a closed unit.  In such a system the thicknér in 
the screen room will   be the last washing stage. The white water from 
the screening will   then be used for the washing of the pulp.  Under nor- 
mal conditions no effl uent water will  go to the sewer. 

Closing of the system washing-screening will  at lw.st have two conse- 
quences which must be observed. On one hand the temperature in the 
screening will  be much higher than usual, on the other hand the re- 
maining   black  liquor substances in the pulp will be carried on to the 
following department,  bleach plant or paper mill. 



The high   temperature possibly 70   -  90° C   or porf ,  wi 1 "*   reouire  special 
attention   'o 'ho   cqtji pu'«.-'11 how  this  is   forced.    The  scre'-ns njst   be 
closed am!   in the   r.-\j<-ct   handl inq  equipped w*h   hoods   ard  ventilation 
facilities. 

Carry over of bhuk   lujuor substance from  the washing  via an open screen- 
ing ¿ysten to the   following departments   is sormally ne(j ', ected dependim 
upon the  "f'i-'.Mvf  s",:ti'¡'i of  M>>'  p,lt> whi>h  take1,  place  m the  screening. 
The cleaned w-'.h<-d  ;>,i:   rontains   a few Kilos of   dry S'jSstönce  (TS) and 

POOi 0<ygc-'i  tünsuini ng s -S   tances. 

Pulp from  the screening  with a washing  loss of   10  Ivi Na^SO« per   ton con- 
tains five to ten   tines  as "Tuch  TS and Bf/>; as  the  above mentioned clean 
«•shed pulp.   If   the screening is   closed without   any other measures are 
taken, about k.r)  l  of the .e  impurities hill  be  transferred to the follow- 
ing department. 

If this pulp is  pumped   to a conventional   chlor i re bleaching, the consump- 
tion of bleaching  cio"iicais will   increase due  to   t;;c black liquor sub- 
stance and  thereby  cause  higher   running  costs.   The  transferred   amount  of 
•W^will   increase   the BOLs discharge from  the chlorine stage.  Furthermore 
the quality of the  pulp  can be  lowered due to   irreversible precipitation 
of in the black  liquor dissolved substance. 

Sorption Phenomena 

The relation between remaining sodium ts   sulphate, alkalilignin and bio- 
chemical  oxygen demanding substance in sulphate   pulp, which has   been 
»ashed in different ways  has been studied. 

It has been shown   that  the amounts of sodium, aHalilignin and  BOD sub- 
Stance in  the filtrate from the washing were higher than the calculated 
••ounts being in  equilibrium. This shows   tha*.  the components, which be- 
fore the washing was sorbed on to the fibre phase, had desjrbc:  to the 
filtrate. 

•furthermore the laboratory trial   results   indicate, tnai  *' - transport 
of materia  from the interior of the fipre out  to   the ^ci..>   ,  tar.es 
place more rapid   the more the pulp is del igni fi ed, c   ,  that   here is no 
appreciable difference between sodium ar...  lignin. 

However, there is   a difference between different  pulps  aod also different 
fibres. For instance the sorption effect  is much  more apparent with a 
bagasse filter.   It  is also commonly known  that bagasse pulp is more 
difficult  to wash  than softwood pulp. Therefore   the bagasse fibre re- 
quires a larger amount of wash water than softwood pulp and usually in 
the washing operation a dilution  factor ^-hich is   two times higher must 
be used. 

Anyway the practical concequences of the sorption effects are among 
other things,   that   the environmental pollution degree is not directly 



K"i'i.'' '* ' " ' '   ' <~>   thr  "washing loss"  that   is  the  total   content   of  sodium 
in   the   I'J'.i. 

Press i n<:     ^ M'M   h(><1   Pulo 

ia'-Hv   »'"re  h,'s   '"'en   'in increasing   interest   for  the  use of   presses   as 
the   :as»  - t-'•'••'    i"  'he washing.   Trials   have been carried  out   to   invest'- 
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Black   Liquor  f v<iporat i on 

In  order tu bo   i b "[ e   to   burn   »he   romvoror)  bidc^    I'TJOT  obta"r>e:J   t^ou'"1 

the washing of   •'.>• : JIM  - (_ ,t of  us wafer rfusf  t"   r c-^, > vd to oVdoor3- ' 
tion.   This will   ' i»<-   [• Î fi o ••   ' n  sov'-r,!1   o'ops,   an!   'r •    ,',^1   •voV"  con- 
sists   of  f i Vf   v.  MI! I'M    ><••,tripr  doodrator os ,   wh w >    wo-   •jnd"r   vacuo"'. 
The  units tir-  - , '»rr¡   risi u»-'1inrj  to'   the   fi aw  of   t"o  steam.   No   1   is   the 
one to whiri  1 ' ."   ste.vi   r,  senpl io'.   In  ôho   f0l l r ..; i r-j  SVDS   'or effects 
the   Stfdm   V.ipOl     Tj'i    •',»'    Oí,., i     ) o,   ,  r    ;M   ,-.    ¡jr-o, , ,;    . -:    -'"•-    'S    J t i Ì VJ d 
for  heaMn;.   !>or   '<<     1  r      ••'•':;t   : M-   jMj.jor   vos-    "c. o   'o  a   ss.rfe.ee   ro' 
densor,   in ,-,o;   •    -,   wn M   -. ;  >,  ,•   co..f>-ot   -,   jv.-r;   •'   ,-   ^o:t''n w.'fer.   The 
principle of a   f>v>   effect  ovaporaV  •  is   shown   i   TI coire 4/:l. 

Q-CtMtJMtUity gutr«.' with »»it 

!• tut »trifv-r eclian 

tar «Kit-   Ctn4wttt«lty ••••arlftf Inttruttnt» ind tsitehing »y»:« 

Figure 47:1 

ted.Y.Ç.ttft'l .01 Aiv liq nme n t a 1_ _Pq l_l_u t io n _E f f 1 u e n t s 

Condensates from the evaporators and the digesters contain the below 
Usted amounts of pell ut i ng substances. 



Table      4b: 1 

V> 

Condenóte 

Type of iii qestcr 

BOD kg/ton pulp 

Dry substance 

Sulphide 

Total   condensate Total condensate 
from  digesters from evaporators 

Cont               Batch Cont Batch 

2.6                   4.9 9.0 5.5 

0.05                 2.0 3.4 

0.O7                 0.15 0.28 

I fiber in  the  liquor 
k. ' 1 ' Ì to evaporators 

Average mg/kg   liquor 16 

Max " " 50 

As can be seen from above table the content of BOO substances in con- 
densate frum conti nous digesters  is   lower than those from batch di- 
gesters, while it  is  the revers regarding BOD substances  from the eva- 
porators. The total   amount of BOO  substances is, however,  about  the 
same, 11 -  12 kg/ton"of pulp in both cases. 

30 - 50 % of the BOD content in the evaporator condensates  are coming 
"   J   i from the sjrface condensor and the  rest from the evaporator bodies 
*     " themselves. 

The relation between the degree of pollution and different  factors has 
''.  , been investigated.   For instance it has been proved that a  relation bet- 

'"    ' ) ween the solid carry over and the volume load in the last effect  is 
'" • existing. 

There is not a clear relation between BOD and kappa number, dry substan- 
ce and viscosity, and other factors. 

When installing a evaporator station, which desirably should give the 
least degree of pollution consideration shall not only be taken to ca- 
pacity, heat economy and so on but also to such questions as the follow- 
ing: 

- incrustations and liqour quality 
- tal loi 1  recovery 
- washing of uncrusted surfaces 
- dry substance carry over in the separators 
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'    i-.n   ,.,'tho'¡*   prof) 1 °i'S       the   dorirPe 
'•'•",!'• •• of ca^'iMtion   r,ust te   as 

•i'!i*'  'r,  of sodij'v sulphate fr-^ 
'1   p'v--"i*.  should   not be  nvde to   the 
•y P1"' ';bstation   of joorga^ic   salts 
• np ev.i:'i»vtor tur^s  takes  Dlace 
ir,n ,iH  •».•"'.peratu'*e.   These incrusta- 
• with vi''à1   liouo1" 0f' water.   If   tue 

• ', ¡¡ft' - • :» ; tut ior s  o'" u ,ca:;i corr.- 
1   easy to  remove  by washing.   Incrûs- 

'orc 'jit'-fult tr>   re"'.ove.   These  are 
"'al as bamboo,  straw and   so on.   These 
or special  treatment with  chemicals. 
or, e g   if the pH   is  getting  low, 
'•lenoni   p'.np is   mixed  with black 
it  NaOH  is added. 

Ine rus • t 
tall   u1 1. 

•on al'^  '<e o'-faMu'd,   if the  li gnor is   containing to  much 
cav, e tar- in the  last evaporator   stage. 

i- 

When  opera*  <>g with  v.   cuntí  quality  liquor incrustations can   still   occur. 
These   are normM; , ..,> ,-,v,-.,i with intervals of 2 - 7 days.   Incrustations 
can be obtnio-d  r   *>•,..  ••vapu'dt"on    is operated with   super  heated steam 
and   if tne 1 v; .or co- f-^-is   f'br"s.  With aln-st without  exception all 
evaporator '•,vio»s-  .vp ego w.- ed   wi'h filters, which  renove  the fibres 
in the  liquor   'ron •,><>• wa,h;nq. A higher fibre content than   ¿0 mg per 
liter on a RO mesh s» reen i-,   nit tolerable. 

If the evapoi.itors have sta i r: 1 »>•- -, st^el tubes there are generally no 
problems with  incrustations  on the steam side of the same. 

In Sweden all   evaporators are equipped with stainless  steel   tubes. 

The most common methods to wash the evaporators is to replace the weak 
liquor to evaoorator  1  with water, condensate or mixed liquor, which 
is allowed to  pass body 1 and  2 and  then pumped to the thick   liquor 
tank,  weak liquor tank  or mixed liquor tank all according to  change of 
the solid content. The wash  liquor can also be circulated within the 



evaporator  '   and  2  durino  the washing  itself.   The whole  time  the eva- 
¡>or,! tu rs t a ! io"   is   o'j"rdt-nq with   limited   live   steam,  which  means,   that 
a certain  amount  is ev^orated  from the  firs'   two bodies and  also  ft vu 
the three  last ones,   in which  the  liquor   is   run as usual. 

this descr<h"d wac.h  .,yst>""  is  not  particularly  good   in  respect  to en- 
vironmental   IK V.j'io'i.   ! '"'   instance   it   mixed   liquor   is  used   for  the wash- 
HKi, methanol   ,-r i }   enter-   the wronq condensate.   Kur the reo re  the  station 
is  disturber,  t'io ,¡iuci  -irvi  there  is  a  risk  of  dry  substance  carry  over. 
With  this  washing method   t',„   liquors  do   not  enter  the  ordinary  tanks  and 
therefor0  there   is  also a  r is.,   to ov>'tlow  these.   ;t  is necessary  to 

a main ta in a  sharp control   of the washing during the  two hours  it  lasts. 

Tu remove  incrustations of silica,  lime or fibres by this washing method 
cannot be done.   The cleaning of the tubes  must be done mechanically, 

I through high pressure hose or by special  cnenncals. 
, < i 

Dry Substance Carry Over in Separatoti 

With respect to increased BOD material in the condensate, but also be- 
cause of economical reasons a reduction of BOD from 300 to 100 g/ton 
evaporated water has beer, achieved 'in some mills. 

Before in order to reach 300 g/ton it was a question of dimensioning the 
expander vessel large enough. The conditions required was also that the 
evaporator were operating evenly and without pulsations. 

One way to improve the conditions is to return the liquor, which is se- 
parated, when the vapor from one body goes into the steam distribution 
chamber of a following body. The inlet can be arranged tangentically or 
radically. 

By this methods the amount of dry substance in the condensate from res- 
pective bodies can be halfed. The cost for making this arrangement is 
neglible, as only a small pipe with a seal for the returning of the se- 
parated liquor to a suitable point in the evaporator can be installed. 

The same or even a better effect can be achieved by installing a cyclone 
in the separator. 

A further step towards a cleaner condensate is achieved, if a secondary 
separator in the form of 1 amellas dimensioned for the vapor volume is 
introduced after the primary separator. This one can be placed in the 
separator or in the steamline. 

A degree of separation of about 90 %  can be achieved by these arrange- 
ments. The following can be concluded regarding the dry substance carry 
over: 

- The primary separation steam - liquor should be improved according to 
certain recommendations 



In  now  i'VM'a^r     :•!••••    u   s»-,J.    be   arrannfd   so   that   '.he   liqojr 
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Table   52:1 

Pulp prod  ton/day 300 

Preasumpfics 

Evaporator  capacity  ton/h 100 

Before drop  separator: 

Dry subs'ance   loss g/ton evap 200 

ti                                 Dry substance  loss kg/ton pulp                                           1.6 

Type of separator Demister                Lamella  separator 
i* 

"single" "improved' 

After drop  separator. 

Dry substance   loss    g/ton pulp 

Dry substance  loss    kg/ton pulp 

Pressure drop    mm w s 

Gain B0D7 kg/ton pulp 

(100) 25 2 

(0.8) 0.2 0.2 

60 20 80 
(0.3) 0.4 0.5 

Pulsations   in Evaporators 

In order to prevent'pulsations in evaporators  the following points should 
be observed: 

- Great care should be taken when planning th^ control equipment and the 
systems for air releasing and the planning of liquor- and concendaste 
handling 

- Buffer vessels for the liquor between the single evaporators    should 
be installed.  These can eventually at the same time be made so that 
they can function as expansion vessels. 

- There should be possibilities  to add ce"tain evaporators cool  thin 
liquor quickly if necessary. 

Control 

In general  the control equipments equipment has the objective to assist 
the ooeration of the evaporators so that an optimal utilization of their ca- 
pacity and at the same time as much as possible eliminate disturbances, whic 
among   other things can cause carry over of liquor in the separators, can b^ 
achieved. 

An optimal utilization of the capacity means that the pressure of the live 
steam and the dry substance in the thick liquor are kept at such a level, 
that the frequency of washlngtof the evaporators maintins acceptable. 
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t t-Kly  can   th'-n be  reduced.   The 
fd'-r.fd  t i ri u ].-< ' u n  o : '') " .-• i.-'.i ,  are  wa   h.-d  a 1 torna t i vt'ly.   Thus   they are 
mad" so  that   ,s   nigher   "    > ,r,t,ition   ,s   Dujnrni. 

? .        I t   W i 1 1    t)C    L'dS    ; 

b'H l.-r ,   (>"• n      >•   ' •>,• 

ses    wi I I   bo   i es-. 

iwr-n   thf  hurninq   of   the   liquor   in   the  recover 
• '•'"  i1-   i!'-'?'-!   iif;.iir   particles   in   the   flue  -.&- 

3. Theoretically  a hum.-     pecrric   lead of t  P recovery boiler can be 
allowed,   'his   w   '1   mean  c   reduced   investment  cost  for  the  recovery boi- 
ler.   It   is  d ". f r i, jit  to -,> •.•nii-ne how ,nuch the  load of the boiler cao 
t>e increased.   !•:, wcv.-r,   "   -, not to optimistic  to  calculate with an 
incejse of 2  *.<j J i. 

4. The  ten'pent -,,, w,ii  be  h  .nor  in  the  lower part of  the   furnace.  There- 
by a  fn'iht-r i<ei •'-*•  ot   reducto     ( an  :J..- encountered.   At  the  sane  ".irre TOS", 
possibly the  Mi'.r.'-'if   of  •)->'-,  ¿mch  i a<;ses  corrosion,  can  be  reduced. 
Furthermore  'ho  .ohtent of :SS in  the  flue gases can be  reduced, which 
is  Valuable   f' im the point of environmental   pollution. 

5. The risk  for a so called "black" hearth will  be exceedingly small, 
which will  mean  improved operating conditions  of the recovery boiler. 

The conclusion  is  that the evaporation to a high solid content (~ 65 %) 
can be recommended. 
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When manufdct.,» ' - a scippate oulp dt several   points  of the process  evil 
svili'-';  0.1V      ' '<:  i.on'tt'i,-<ites   ire 'orwd.   Ine  sni»> 11   is caused  by  the 
','jl[-* ,••> ,.'.-,     , ,;(>   mil   organic   su 1 phvips.   1 he  condensates   have   ' n  cer- 
._ ,  •      ,,,,..    .   . •. ••   ,v     •.•'!• al   owi-n   ""sur>i>* ion,  which   is   I'amly  caused 
t ,   j'        ' .••  *      ' - '    ,   •  r '• ' y  TK-' 'H'-'' . 

v•] I   as   O.e  ;wr(''-"SdV'S   àrf  an apparent  environ- 
'    ,v , * •••HIS   havc  h'vn  opv'.-lop-"-!   in  order  to   reduce 
I-MV' • -onrnt'it am  the  rc-c • oients.   Several   of the 
»'ave already    or planning    to  introduce some type 

juri '-<.at ion.   I"  the  following a  short description 
;   fo>-  such  systems   is  given. 

Odo''nijs   and  ri'.-f.r   (.n'^'ii'ni;  •'.nndf>nsa*°s   are  f c r°«}d  partly  during  the 
cooking d^ú  \>r\\}  jt   -.he  evaporatici  of   trie   licuor,   "ogether  they  have 
an oxygen  con' /v'.ion  of   11   -   1? kg SOD;/ton  o'  pulp.   However,   the  dis- 
tribution be*w'".n  the distes  and  the'evaporation depends  upon  the 
arrangeront c   the digesters.   From a conti nous  digester the condensates 
har  a  lowr o./rn.n consumption than 'rom batch  digesters.   The  reversed 
toriLw'   '   -s  :'i.-a1 ' ' ng  for condense *ec.   from the evaporators.   The distri- 
buticr  o*   the '-yjer consumption  in ••'   evapc-ator condensates   is  such 
that  1/3  of  this  falls   upon  the com!«-- •_.ites   from the evaporators. 

A general pnnripie in oraer to reduce the envi ronrcntal influence of the 
condensates ,c to try to separate these in the first place and reuse then 
in different places un the process. The separation of evaporator conden- 
sates is based on tKe fact that condensate from different apparatuses are 
differently contaminated. In the following table fig 54:1 average values 
for flow and amounts of contamination for the essential types of conden- 
sates are giv^n. This values are valid for a mi 1Ì with continous digester 
and the  liquor flow in  the evaporators  is 3-4-5-1-2. 

Figure   54:1.        Flows and degree of contamination for different types of 
condensater from a mi 11 with a continous digester 

Condensate from Approximate BOD, Sulfur compounds 
flow ton/ kg/ton kg S/ton pulp 
of pulp of pulp 

Flash tanks (a) 0.4 3 0.1 

Terpentine separator      (b) 

Apparatus 2 and 3 (c) 3.2 0 0 

Apparatus   4 and 5 (d) 
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a. .dmsate  is  to  lead  the flows  from the di- 
.or and  tr," vai i ¡m pump  pit to  a   Still   column. 
0. /  ton/ton pu 1 p. 

Ihe still   (MÌuinn,   : n which  the condensates  c>hall   be freed  from the sulphur 
Compounds,   is  nl tcn.„t . ,i-l y  a srgnrate    arranceiTient as   in  the  figure 

u'ir.^-'d  with  the evaporator  station.   In  the   first  al- be low i. an   De 

operated w, tn  live steam und in   the second   -, iper- tonia î '' Vi'    t Tir   LU I ./ir, 

native w . th  stcan ;•••,}'ü s ed   from the liquor.   When  live steam is  used  tne 
consumption  or   tne  some   is  about u.2 ton/ton of  condensate.   The  purifica- 
tion effect  m regard ' ) methanol  is about 90  I.  The release of sulpnur 
compounds  will ':> > u.iif'ly   «.ocip lete.   The  released  gases are  lead  to  the 
lime kiln or a separate   furnace, where they are burned. 

The purified condensate can be reused  in the process  as a  replace- 
ment for warn water suitable as wasn water  in the wash  room,  screen  room 
Or  for  the   sli.du Iter. 

Ihe met n.inoì   conta1 ni ng  tufiuensate  from  the  latter part of  the  evaporator 
station Lan o e reused   in   tne wash room or   in  the caustizing    plant.   When 
using it   for washing of  pulp it is necessary to  limit tne quantities so 
that they correspond to  the dilution.  The showers  in the filters  should 
also be so  sectioned that pure water can be added in the  last shower. 
About 40 % of thus added methanol  quantity follows the  black liquor back 
to the evaporators, 40 % goes with the pulp and most of it goes  then to 
the sewer, while the rest, 20 X evaporates to the air. 
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In this case the stripping column has been integrated in the evaporator 
Station and  is operated with a part stream of liquor steam from the 
first effect.   In the case there are several  evaporator stations the 
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collfcted amount of condensate is so great that the whole steam flow 
is «-«Med 'rom th.' íi^t effect in one of the stations in order to 
operate the roli/i'i. 

When co', 1c. ' •'-q ai".<   transporting  the odorous  oases it  should be obseded 
that  'lev   in  Tin'urt' with  a i r are  explosive within a  con  entrati on   li- 
ft [n '„,,,.', .lix)'..*   .'   to vj  i.  Betaute of safety one should  therefore 
wrk •-.   "    r   uto-   -a .«.s   undor ?   i  or  alternativ''/ with  highly  ccncen- 
trated   ;,is» s. 

¡n orc,">-  to decrease *>^ rmk for expl isions and reduce the danages which 
này be   , a M •-.'.'o a c-."'it? mat; on of arrangements  is  used as  flame guards, 
txploMi" d'aphra-nes,   liquor seals,  velocity guards,   locks, automatical 
ä'r releases etc.   îr'  systems where concentrated gases are handled a si ich*. 
over pr.'ss ir>> should  ho maintained   in ü^der to avoid  leakage cf air  into 
the s ¡lie.   'he di"f"Mcn of  lines  should  be chosen  so thaf   the velocity 
of the qas with ar.  ample marginal   is maintained  greater  than the veloci- 
ty of burnìng. 

Except for the risks of explosions it should be observed  that the odorous 
gases are poisonous ever at relatively low concentrations.   This  is espe- 
cially applicable  to hydrogen sulphur.   In order to minimize the  risk for 
poisoning the system should be so formed  that eventual   leakage of gases 
fro« the same can be taken care of by ventilation and the gases  diluted 
to not dangerous concentration. 

Burning of nases  in  the lime kiln has several  advantages.  First of all 
a complete oxidation of the sulphur confounds  takes place and therefore 
no special  measures are needed in order to avoid  the escape of the formed 
sulphur dioxide as   this  is absorbed by the  lime.   In order to eP;ninate 
the explosion risk  £he gas should be diluted with air to about ?5 % of 
the lower explosion  limit before the gas  is  introduced  in the kiln.  This 
can simplest be done by mixing in the same with the combustion air. 

Alternatively the gas can also be burned  in bark or oil   furnaces or in a 
separate furnace.   However , some of these can be of disadvantage when dis- 
turbances  in the operation of theso furnaces    occur. 

Uquor Burning, CausticizjJLfli lime Reburninq 

ft ^MCt i p n_ p f _ E n y j rpnmen t_ Pp 1J ut j n cj_ EffJ ue n ts 

The effluent discharge to receiving water from a soda recovery plant 
should in a well operated mill be very little contaminated. Mainly it 
consists of sealing water. The wash liquor from an eventually installed 
scrubber is diverted to the causticizing plant. Almost neglible amounts 
of chemicals  in the produced warm water in the scrubber is for instance 
diverted to the bleach plant. 

Fro« process technical point of view there is no necessaty to discharge 



water  from  thf- '.lu*,''     /"o  plant   to  '.he récipient  except from  the 
points,   namely   ' > -   w.i   *    •   .   o*   •;'•'.,   'i-n  s 1 ¿r.cr- <  ! a s s ' ' : '.""   and   soda 
sludge or  qrr-»'<  1 if) j r- »   \] i'<n>  from  *he sedimenta 1i or¡  m a  ore'-n   li- 
quor clarifier.   T^n nm^n   houor s ludgr» ir, washed w'.h w*for  in a   se- 
parate wash uri  ' ,<<í   o,   of,  ,)   syce ni   washing  sludge   filter. 

The  sod,   slo''¡'-  c.,'*.-'f'    n, *•,]/  s'il ;•' •• 'e,  of   i r'"'   and  c.her  »•••avy   "ve- 
tais.   leroN'''   > •••   .   •••: o'   •'•'•.     !•/*•>•  -rom  the  -vstem a bull*   jp  of  these 
fletáis   in   \.i.<.-   ..     '•     i'.ss-r    i ,   .HI ;•••"'.   Howev'"",   the  sludge   is   not  SO 
easy  to w<r.\  ,r : <r i :•(.„ it    •    .--v. :•   >.  A strili  nuae'ity ot  al kali   and 
alkali   sulpM •:•      ,    ,>•-,•••   I.,.'.,    'in    dineur't   u*    l'..or   leavir  j   tGge*rf-r 
with  the  st d.i   si slue  i_a'.  n. • i„r',y  pe of  the magnitude of  0.1   ton/ton cf 
pulp. 

Regarding effl,••"'••   V>  '>>•   r. • i, i [ i er t   'rem the   li m^   reburniro  there  are 
risks  for ov »   *l'..s   fro"   t,t  oly si ,"-;o silos ard  o'l   tarks.   The  Greatest 
discharge  '-*   »•* ' ' lie-it.   ;s   •'••.-.'»•ver  ro"i,[.,j  from  the'  scrubber,   f-rom a   scrubber 
of  the  f't-ctbodv   '.:••   ••'•>.•  :.••'    • <i 1   .¡'^'<•  .. ' *>   ¿   IIüJO--   v?s°-t   ' r   the   orcer 

Of   10   -   /(_)  m'/h  ,'*   tr-"  p'x,-.j, •-,..,  M-   j no  tons   per  day. 

Soda  Recove'y    '<.oi'e_r 

The soda  ,-ecnvcy boi1-^   is   >np of th-> most air polluting sources  of a 
sulphate   Mill.   A lot    u«   interest has been devoted  to the same by   the 
SSVL projoi.t.   \ pro;1 r*   '" '<"-pufor ..o'itról  o*" the soda recovery boiler" 
is beim ..amed •• u*   a*   v-.vn's sulphate mill.   In  connection with   this 
Project an   improved  :onrtr ¡c» ion of  the furnace spray nozzles  has   been 
n»ade by which  the amount o*   liquor can easel y be varied.  How the   cond-- 
tions  in the boiler  itif luo-na s  the prin.ary emission has also been  studied. 

The amount of soda  dust wrnch follows the flue gases  from the furnace is 
of the magnitude of  bO -  t!)  kg/ton of pulp.   Most of  this dust  is   sodium 
sulphate.   Sodium carbonate and sodium chloride ¿re also present.   The chlo- 
ride content  is of course dependent upon the  chloride content in   the black 
liquor system.  At a  too grejt an excess of air a sticky dust can be ob- 
tained, which  stv^KS   to  the heating surfaces  and thereby decreases   the 
heat economy.   Tnis  is considered    to be caused by the forming of sodium- 
hydrosulphate.  A high content of    chlorides  can also give a melting point 
depression of such a magnitude that there is a risk  for stickyness of 
the dust. 

^î-ÇçççïÇC^.içilçc-ÇQÇî:!;0.! 

Interesting studies of a new soda recovery boiler installed in Gruvön 
«ill, Billerud AB has been made, which was included in the SSVL    project. 
The objective of the same was to construct a control    system, which uti- 
lized the ordinary equipment in such a way that a high and even produc- 
tion was maintained and that the emission of unburned sulphur compounds 
(HpS) was minimized. 



-t r. 

Gruvöns mill   produces about   300 000 tons  of sulphate pulp and  about 
130 000  tons  of NSbC-pulp  per year.  The raw material  for the  sulphate 
pulp is mainly pine wood and small amounts of  spruce wood.  The  NSSC- 
pulp is   solely n'ade from birch wood. 

ft 

Jb?. ?] i 3 j j. Sec:y yen. 5yi> * ey_ 

The recovery of black re«; pect i vol v "red" liquor from the two different 
cook inn p"-o:esses ta-es ni .ice in a combined recovery system so called 
"Cross Recovery System"  according to the  figure  no   60:1       below. 
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In the table no   61:1    on the next page 1s shown the chemical  composi- 
tion of cooking liquors and respective black and red Uqucr. 



Table 

White liquor Bla<^   liqn'jr       NSSC-rook ínq   liqoi r Red  li quo- 

—  _.       ----- ---          .—       

Mol   î Wfiqht   í Mol   % Weight  % 

(Na'JH)2 '-"'. ° c 3/, 3               (NaÜH), 8,b c 25,3 

Na2CO 14,b H 4,1              Na2C0, 19,6 H 3,3 

Na2S 24.7 0 3S.1             Na¿S 12,b 0 43,0 

Na,SO. ?,B Na 19,6             Na2S0^ 50,7 Na 18,2 

S 3,9             Na2S04 

Na?S203 

8,4 

0,3 

S 10,2 

100,0 100,0 100,0 100,0 

The anal ^scs of \ rfhi te liquor is based upon: Degree of reduction 90 
Degree o* Caus ti ci za ti Or". e: 
Su 1 ph i d i ty 30 

Cooking liquor for the sulphate p-ocess  is white  liquor made in the con- 
ventional way from  green  liquor recovered  in the recovery boiler.  The 
cooking liquor  for   the NSSC-prucess   is made from green  liquor from the 
soda  recovery boiler  sulphite enriched caustic soaa, which is obtained 
in a  gas scrubber by  absorbing S0?   in the flue gases   *rom the recovery 
boüer in a NaOH-solution, and of added chemicals.  The  latter sr^ com- 
pensating the chemical   losses, which  is different from an ordinary sulp- 
hate mill where these are compensated by sodium-sulphate. 

Under ntrmal production conditions   the chemical  part from the red liquor 
Is IS 1 of the total  dry substance amount to the evaporators.  At distur- 
bances  in the production of sulphate pulp the share of red liquor can 
be higher. 

The variations in the composition of the liquor are normally slow due to 
large storage   tanks between the digesters and the soda recovery boilers. 
As the red liquor is directly mixed  into the black liquor, the relation 
between red/black  liquor can vary considerably. 



Evaporât ion and  Recovery Boilers 

The evaporation of the  liquor is carried out  in   two conventional 5- 
stage evaporator stations dich with an evaporator capacity of  about 
180 tons/hour.   Additionally there are  two booster evaporation   thick- 
ners with  fo>T"'   circulation which   increase the  dry  content  of  the  li 
quor  to  about  '•''      .   The  evaporator  stations  are   run  in parallel  with 
the  utili;   '-ion   u'   ''V-ual   storace  and   soap collect'ng   tanks   for weak 
liquor,   mi-eC   liquor,   StTOrv iry   1 i que r-  and thick   liquor. 

Construction Det i' 1 s 

The  injection of  liquor takes normally place via  one or several  spray 
nozzles.   Because of the size of the boiler the  sa»ie is equipped with 
two movable sp»-ay nozzles  in each opposite wall   in  the furnace.  The 
greatest prob ICH   is arising every  tine  the load  of the boiler  has to ^e 
changed,  and tnp  spray  nozzle must be shut off  and ta  en out  to be re- 
placed by a nozzle of a different size.  This means great disturbances  in 
the operation of  the boiler.  Therefore a variable  liquor spray nozzle has 
been constructed, which can considerably eliminate this problem. 

YARiMH 
MAW UGííOR 

Figure 62:1 
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Gradually occur i n>] coating on   the spray nozzle  distribution  p 11-te can 
cause variations   in the distribution of  the  liauor.   In order   to prevent 
this the combustion air  is supplied to   the furnace via a qreat number 
of air ports, which are mounted   in the  four walls of  the boiler at  four 
different levels. 

st««. 

Sttatat« 

i  r 
"f ~" 

UP I       /v 

r1-^     I   If    I   Û I i - 

U«    Ç«l 

Sviatola «l**«l»«rt 

lhlch   liqucr 
5«e..i4ary air 

> ;>-p^.'^    Prailiry air 

SoruiSar 

Cold vatrr 

Vara vaVo* 

KaCH 

Sulphat« 

H quer 

1*4 SdWlt 
=D>V«jK)«r 

i  

t» CM 
Graan liquor 

Snalt «latolvar    rr\ 

WifHAtN' 

utavwn* J «,. 

I" h      tt    !'H  í 
_iuwmr-A ' 

Figure    63:1 

^    !    ¿I 

^V"'^' 
~! 

^> 

The two lower levels of ports are connected to one so called  primary 
air fan and the two upper levels to a  secondary fan.  The opening of 
each air port can be manually adjusted. Furthermore before the air 
ports there are a number of manually handled dampers, with which indi- 
vidual air pressure can be adjusted in different air registers   around 
the boiler îccoring to the judgement of the operator of the boiler.   In 
practice it is difficult to reach an even or against the liquor injec- 
tion corresponding air distribution.  Gradual  build up of coatings around 
the air ports influences furthermore the air distribution. One has tried 
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to solve  this problem in  two ways,  oartly   through  intermittent and auto- 
matical   ror tve of  the   formed  coati ri j, partly   to  prevent or  to detain 
the formation o*  plugs  in  the air ports. 
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ting the air blow over  the surfaces or  places where 
mi;  TO   form.   Ih e port«-   are  therefore  provided with 

made  tight  against the   air  reo i s ter   front.   A  ring 
or-ned between   the  insert  ond  the normal   port.   All 
h ¡s  co'iimn.   Consequently   no  air  is  blowing wihtm 
fallow air  strr-'H is  forcea.   Ste the   following  fi- 
'.n  snows  the  pi'nciple  of  this  a r rang -.-m. it.   in^  air 
wi'.n a sharp edge in the front. The insert C3n be 

ar in past the center of the tubes that the formed 
hod off. 

Figure    64-1 
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The air pressure obtained at the most upper air  level   is often  too  low. 
In this  place the best  possible mixing    of the air with   the  flue gase:; 
Is desired  in order  to .eep down  the  H?S-content  in  the  same. 

If the soot -hiow ing  system is  not  correctly dimensioned  qreat  problems 
With cloggi'  , D'   »he   .•< unomi ser  part   of  the boiler  can  arise.   Certain 
close sections   m  the   flue gas channels have ahn been the cause  for 
(•.loggings, v,:u.h  limite  t.ne capacity of the boiler.   If this   is  the case 
the channe 
appara tuse 

,  h'we  te 
USed . 

altera!  an a  higher pressure in  the soot-b iowi r.g 

Circulating SOU'JIM sulphate powder  coming partly  from the ash pockets  un- 
der the  eccnunisers  partly from the  electro-static  precipitators   is as 
usual mixed   into the   liquor before   it  is sprayed   into the furnace.    Varia- 
tions  in  the anion it of  piwoer resul t  in a varying  chemical   composition cf 
the liquor  spra/, whicn  caus; disturbances  in the operation of the boiler. 
In order to decrease  trr>se variations  the order  in which  the soot blowing 
apparatuses  are being  used, has been  spaced  in such a way  that  the best 
equalization has been obtained,   'here are two separate computers  en   .v.ch 
side of the boiler which  regulate  the soot-blowing apparatuses.  Two soot- 
blowers  are always working at the  same time, but they blow different parts 
of the économiser and/or superheater. 

The following figure no   65:1    shows  the arrangement and a  flow diagran of 
the biggest recovery boiler in Gruvon mill. 
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Figure 65:1 



•'ain   .'.¡tes  of   the   soda recovery  boilers  at  Gruvun mill 
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N^Hnal  capacity 
r a 1 c u 1 a t r d  r a v   L a \ ¡ a ' if y 
¡'»y  S.,'J:,tavct   fliv. 
V '-a"'   J; •"(•')'• J re 

'••t"dn ''.'ijp-.-ature 
Feed  watar   t'T'porat 
Ai r   te iperat'jr.j  a* t< 
; 1 ue  ^as  temperatura 
St-am promue ti on 
HJC1 gas  flow       
P-air fan flow 
P-air ''an pressure 
S-air fan  flow 
S-air  fan pressure 
Combustion surface 
Furnace area 
Furnace height 
Furnace vilume 

re 
r air preheater 
after économiser 

tp 90/day 375 7bV 
" 4 SO l o;-< 

ton/h 21 4; 
abs press 34 i,5 
OC 380 £.u;) 

OC 115 lab 
°C 120 15'J 
OC 125 155 
ton/h 76 15'. 
Nm3/h . no 000 216 OCJ 
Nm3/h 62 000 130 C"' 
mmWs 280 465 
Nm3/h 62 000 no ccc 
mmWs 

nr 

480 613 
2 340 5  210 

50, 5 8 x   11,5 
m 16 22 
m^ 805 2 000 

A similar soda recovery boiler installed  in Varo mill  is shown  in  the 
attached  figure ne té  I 

) 

Results Obtained 

The study of the control system started in may  1973. The following sum- 
mary of the results obtained can  be mode. 

The boiler has been operated steady at a load corresponding tu ,ü0 tons 
of sulphate pulp per day. At few times the dry substance flow corres- 
ponded to about 1  000 tons per day. 

Th? capacity was  limited by the air fans and also earlier by cloggings 
in the économiser part. After installation of tertiary air    fans an im- 
provement was achieved and there were no limitations caused by air flows 
or by the load of the furnace itself. 

Degree of reduction 

During a testing period the average degree of reduction was 93,8 % t 3,5 
X.  The boiler was during the same period working at a constant load 
of 85 % of its maximum capacity. 
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Figure ,6 ó : 1 
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Deqjte of  efficiency 

Bd>ed -JIJO'-  <ii .! s urti! data the degree of  efficiency  was estimated to 
about  7->   ;.   I1.,  '«.g cf sodium sulphate per ton  of  pulp was  then added. 

en :,,V-.ojl't'rA Jr Ah.'-'. /lu.?_ ¿ases 
'r>-  JVi.TA'ji;   . ilue for  the SOp-contert before   the  scrubber has been  aroyd 
1  00"'ig/N"-'.   Great variations  have, however,  occured, fven when the joi- 
i(,r- has   [,,-or,  , nprat'-d    with ^ther noticable variations,   ¡n  the Sirubber 
aKjjt  90   •-   of   the S1'--gnste     re absorbed. 

I     t HvS-.'"_2_nt/-nt^i^r   _the   f 1 jn _(]ase_S 

A» periods  w*>>n the load has  been around the nominal  capacity the H?S- 
emission   has  been very   little.   The nain reason   for  h i ober HpS-content 
has been   the over loading of  the air sufply system.   H¿S emission of  tem- 
porary duration can be caused  by the following  reasons: 

change of liquor spray nozzles adjustment  of air flow 
cleaning of the nozzle plate formed caves  in the hearth 
cleaning of air ports fall  downs of liquor lumps  from 
adjustment of air ports the wall 

Conclusion 

The project study was carried out with the help of a process computor, 
which had  great advantages as several alternative control  strategics 
could be  tried.  The following conclusions in short could be made: 

1. Through better k-fiowledge of the behavior of the recovery boiler, ac- 
curate control  and thorough supervision the boiler could be operated more 
even. This has contributed to a reduction of air polluting emissions from 
the same. 

2. The best result from both process and environmental preservation point 
of view was obtained if the steam production was held as constant as pos- 
sible.  Thereby variations in the furnace temperature, the size of the 
hearth bed,  smelt flow and emission was equalized. 

The presence of hydrogensulphide in the flue gas depends upon uncomplete 
combustion. In order to eliminate the hydrogensulphide in the fluegas it 
is required that: 

Op-content in the flue gas is high enough (in general 3 %) 
tne mixing in of air in the upper part of the furnace (tertiary 
air) is good 
the boiler 1s operated as even as possible 
temporary disturbances due to manual operation of the boiler are 
as small and short as possible 

All rapid adjustments, both manual and automatic, should be avoided, as 
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they in general   caus" an   incr^se of both  SO-- and HS-con tent  in  the 
flue gas   tonporarly. ¿ 

3.    The main points  in a  control   system for a soda  recovery boiler can 
be summer wer! as   fol lews: 

Var i.it'ons   in  the physii a 1 an.) chemical   properties  of the  supplied 
liquor  shall   b'1  equal v»-d   b>j*ore  enterinq   into   the boiler   furnac°. 
The   to'il   fio1.; of   jir, •.-."i'h  is  nearly proportional   tc  the  stca^ 
nr<,.1 ^ -,ion ,   sc.ill   !      >.•!•!   <r,   constant  as   poss'blo.   Variations   vi 
the  e/c-ss   o<  air   ', '.i-y••   .r¡t"-it  in  th°  flu«  <vs)  depending  upon  va- 
riations   in   the ch"rnu;!   C'.-yosi tion of   the   liquor,  shall   be co"i- 
pensá'-od •>/ (on'.ri; 1'rq   tne   <ir an/ the  liquor"flow.   I'  the ai- 
pressure can !><• t.eld < r.n«-,'^nt at the sa¡"e   f >ie as   the air  flow 
is   vaned  a  variable bl<i< •   liquor  spray   is   required.  The  soda   lew- 
der   from ash p^. ',,-:•,  and   ''nm the electro  static  preci pi tator 
should be  collected   in a   container  and  from this   in determined  ore- 
portions   fed  to  the  b'la^r." ì'iquur. 
Eventual equal i/at iu" of the variations in the Sn?-content in tne 
flue g.is should be done by adequate additions of cnen-cals to tne 
liquor, as an even sulphide content in the smelt ana at the sa^e 
time even S0?-oontent in the flue yas only car be achieved if the 
relation S/Na in t.ne 'njected liquor is even. 
Extensive adjustments of the production should be followed actor- 
ding to fixed schedule, so that relations between liquor ar.a air 
flow as much as possible are maintained. 

?!?$§urem§0^_§^_Cal£y!<]£Íon °f Primary Emission 

I One has observed variations between different recovery boilers and dif- 
| ferent operations of the same in   the sulfur emission, which are difficult 
I to explain.   The objective of the study of the recovery boiler in Gruvbn 
I Bill has also been  through detailed measurements   in a recover*' boiler ¿id 
j calculations    of the balance for  adequately small   parts  of the same to  trv 
j to describe the soda recovery process.  In consideration  to the high tem- 

peratures   it is  likely that the chemical   reactions  in the different parts 
1 of the furnace will  reach almost equilibrium. As  a conseauence of bad 
j nixing in  the boiler and of the high viscosity of  the gases at existing 
f temperature most  likely, however,  there are inhomogenities as well ho- 
1 risontally as vertically. 

j Furthermore the objective for this investigation has been to establish 
basic facts, which make it possible to estimate the effect of different 
changes in  the operating conditions regarding emissions of sulphur (S) 
and sodium (Na) and the possibility to control and also reduce the same. 

One condition for the investigations has also been to study the recovery 
boiler under normal operating conditions, that is at nominal load. 

The figure no   69:1  on the next page demonstrates the measured flows of 
i 
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soci i un and sulphur at normal   conditions.  The width of the arrows  Is 
corresponding  to   the magnitudes  of  the  flows.   The rectangle indicates 
the recovery boiler itself.   The  figures, which   i-u'icate  the s'/e of the 
emission,  are expressed   in  per cent of   »he amount of  sodium re  pective- 
ly sulphur  in   the   thick  black   liquor  injected   in  the  fumare. 

i    » 

•'O 

Liquor  D5 content  60   % 
Air ratio sec/prim. O.07 
Excess oxygon 4.5   /o 
Load 100 Ibs.DS/jq.ft.-h 

S    7.5% 
Na 0.5%  

S 

Na 
«n 

\ 7 
' I     Ç     I" «;CV ,-. s 4 % 

Ma 1.5% ¿ 

j   Stof30% 

* sgas ° % 
Na    9 % 

Sec. air/liquor 
spray leve! 

T=To50-1950°F 

S    10% 
Na 3 % 

Prim, air/ 
char-bed level 

T*1200-1700°F 

S   70% 
No 91 % 

Figure   69:1 Flaw« of S Ami Nfl in tha reenvary bo;1.. 
undtr nopi.i'.    .ousting condiciona 
(nominal  lu*'J. 

The total emission of sulphur and sodium consists of emissions from the 
bed of the smelt and from the seconday air/liquor injection level. Nor- 
mally the emission from the bed level  1s somewhat less than that from 
the seconday air/liquor injection level. 
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In the  flue qas   channels  ¿bout.   )/c> uf   the totally emitted sodium pow- 
der is   separate and  th- n collected    n   the soot or ash  pockets.   The 
main part of the ronHifiu»! test   is cJJ<Jht  in the  electro  static   preci- 
pitators.   The   total  separation  ot   [IMV.'I'T-  before   the scrubbo-"   is   about 
95 I. 

In the  table b« low the < omposi tion of   the smelt   in  the bed and   in the 
Spout   is    indicated 

Tab!. 

Bed Spout 

Na2C03 mol  t 59,7 (35,8) 59,8 

Í Na?S mol  % 33,? (56,0) 31,8 

NaOH mol % 6,? (  7.2) 5,6 

1 Na?S04 mol  % 0,8 (   0,1) 2.5 

l S mol  % 0,1 (   LO) 0,3 
i Carbon weight  % 5,0 (& .0) 0,5 

Degree of red uction % 97,5 (99,8) 92,0 

Ì 

The composition of the smelt coming from the spout is  fairly constant. 
The degree of reduction  is lower in this smelt than that one  in  the bed, 

* and it  varies more. 

I The composition on the bed is about the one given in the above  table.   In 
i       - general   it aDplies that  the process chemistry 0f the recovery boiler with 
j fair approximations can be described with "lokal"  chemical equilibriums 
I in regard to for instance the bed, or part of the same,  and the adjoining 
I cas phase. The  temperature in the bed  is in general  nearly following the 
ì «elting point curve for the system Na?S - ^003.  Therefore besides flow- 
's 1ng smelt there exist solidified  "smelt" in the bed.  It is assumed that 
1 this can contribute to the termal and physical  stability of the bed.  At 
J complete solidification  (temp =  750 °C) a rich NaC0,and a rich  Na^S solid 
I phase precipitate, which is normally so well mixed, that a sample~taken 
I from the bed shows the original  gros composition of the smelt.   Locally 
I 1n the bed a segregation can take place because of differences   in densi- 
I ty, so  that single sample with deviating composition, e g high Na^S- 
1 content, can be found. The column with paranteses in the table exempli- 
I fies this. 

•i 
! The content of carbon in bed Is about 5 %. In the case the bed has an 



unnormal1y low  temperature, as  in "black" spots, the same is   in general 
higher.   In one  sample   taken out from the bed  a  carbe i content of 8 % was 
measured. 

The condition  for a   forming of carbon   takes  place when all  the water  has 
been evaporato 1   from   the  thick  black   liquor when it  is   fallinq  down   to- 
wards  the surface of   the bed and that  at the  came time  the temperature 
is  lower than e 00 °C.    The precipitator  of carbon  is   thus depending  on 
th»- teTper.it; re, and   it   is  taking placo near   the surface of   the bed,   whe>-, 
"black" spots  are ; omeri. 

The sulphur as  hydronensulpMde from both the  bed and   the liquor partic- 
I   I !l>s emits to the gas  phase above the bed.  However, when passages are  very 
Î; mi(-n formed in   the furnace, the degree o' combustion can locally be  high', 

which causes s-ulphur  dioxide to be formed.  Sodium emits priTiarly ir.   the 
form of gas as  Na and  \'a9H, which then  sublimates and  fonns  the powder. 
The composition of the   cas and the powder above the bed is shown in  the 
following table no   71:1. 

Table   71:1 

Measured Theoretically calculated 

N2 
H,0 

> ••    3 

4 

3 X 

12 X 
CO 6 5 X 
co2 13 H X 

°2 5 0 X 

N2 58 65 X 
CH4 0,1 0 X 
Hp5 300 365 ppm 
so2 1 1  ppm 
Na 

NaOH 
1.5 1, 5 X of added Na 

In principle the gas 1n the furnace Is In equilibrium.  However, passages 
containing partly not consumed combustion air exist. Traces of not burned 
gases as H2, CO and H2S can a\co exist.  When the relationship sulphur- 
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sodium 1s sufficiently big  the powder exists almost  entirely as pure 
NioSO^ in the upper part of  the  furnace. The amour.',  of carried over 
liquor  particles dre  quite  small. 

How the temper,iturc  is  distributed   in the bed JS well   as   in   the verti- 
cal   part of  th" furn.x.e is of  spaiai   interest. The   figure  below de- 
monstrates hew the temperature   is distributed when   taking  a   cut through 
the bed. Fro'i 'he s<j:T,e one can distinguish  three zones.   The hotest zone, 
the white ring, arisf-,  ,jr.  those p'.ices, wk>re  the orimary  rind hich  pri- 
ai ry  air art}  hitting   ; he he)   suri.iee.   Recuse  of the   limited  reach  of 
the air jets   '.he 'm<!r! ' -.  pat', wiil   be  so-iev.hat COOI'T.    The  air will   also 
not  reach the   * jrn.ite walls  and i>e<.ause of the cooling  effect of the 
walls   the temperature  will   be   lower. 

TEMPERATUR     DISTRIBUTION    IN    CHAR   BED 

Hot zone 
1500-1700 °r 

4- _• . i 

/ 

CXCold spot 
1170 °r 

£ool outer zone 1200-Ì4OO0!:. 

Figure   72:1      LspoutV M.i.poutV HspoutV 

In the next figure no   73:1     it 1s shown that the distribution of the 
temperature is important. Through analyses of gas samples taken from 
places above parts of the bed with different temperatures  it has been 
found a distinct dependence upon the pressure what concerns  the enris- 
$1on of sulphur. With the assistance of the temperature and the local 
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Jegree of    combustion above respective parts   of the bed it  is  possible 
to make a  fairly good estimation of the maximal respectively minimal 
sulphur emissioni  from the bed. 

A normal distribution of the temperature in   the vertical  part of the 
furnace is   s'own  in   figure no 73:1. 

Si 

BS 

T = Tert. air 
S = Sec. air 
P = Primary air 

BS = Bed surface 
8 = bed 

•//- 

1200 UOO     1600     1800     200O     2200   ÜF 

Figure 73:1 



The grey field indicates  th«' spn-ad of tho   temperatura in respective 
levels.  The  thick   Mar-   r urve ind'eatr     the averages.  The  figure   in- 
dicates that 'here   óT" two  tempera ture max ima, one at the   surface  of 
the bed and one aranci the  secondary air   lev^l.   3etween  these there 
is  a minimum m^r   the ama  of the primary  air  level. The maximum of 
the  temper,! tut >• -   eventually  in  a   thin gas   layer   ulose to   this  -   de- 
pends upon   the red' 11 nn   of   L ìrhon   tocirbon  mosoo/. ide, which  is   strong- 
ly exotérmica 1. At    :.^<- f i rw I comb'r.tioi: around tho secondary air   level 
also s trono  i-yiU-r 
nooxide to  < irivjn 

The profi )>• of th- 
ieve 1   WhlC.t:    ll"ll'   • 
parts' in a   cut nvi 
forent dent <.'es of 
getting un re • .vi-'. 
wel 1  the forbisti •-• 
the hontonfi^'v m 

>1   roar''err,   \..\Y>-- ttlace,  as   burning 
•:d"  a-     hyi. r ;)(](•   to   water     vapor. 

carbon mo- 

' • i'Ofi atur<   i'.creii'.'s   ;n w']'h   at the  secondary air 
i '.   'oat   Ute  are " hon.ogon; 11 ejs  in  the different 

.i'.ross ' tt'e furnac.  Conseq ui"> 11 y there are also dif- 
O": ist ¡oti  'n  th.1 r,,-'m''.   D,y studying how   V~e profile  i: 

' ' :'i"r   i,;)  -n   '.ne furnace,  err-   can g^f   en  idea   how 
a : r  has   h"eii disposed,   and   c onsequer*.ly also   aoout 

th».-   br, t  s'vjc  of   th" combust i on  of the   Mue  gas. 

Conclusions 

1. The enission of   sulph.jr and sodium originates   both fron1 the  bed and 
from the secondary   air/liquor spray level. 

2. The emissions   of   sulphur dioxide and  hydrogen   sulphide consists of  a 
smaller p. rt of thv   total   subhur  emission   fro";  the boiler.  The main 
part of thf- sulrjhur   *"ound  as Dowdo>- of '.he   emitted  sod'u"!,  and only the 
rest will  emit in  a   gas   form. Relatively  small  changes in  the primary 
Sulphur and snd'jm  emission can therefore  to a great extent influence 
the SOp emi ssion.      • 

3. Primarly the sulphur  is emitted from the bed   from those areas, which 
nave a low temperature.  An es ser. Jal part  of the  sulphur emission   is create 
in  the liquor spray   level. 

4. Sodium emits to a large extent from liquor particles and areas in the 
bed, which have a high temperature. The temperature determines in general 
the extent of the  sodium emission. 

5. Irregularities   in the temperature increases  the emission of sulphur 
as well   as sodium.   It is   therefore important to maintain a constant 
temperature all the   time. 

6. Increased dryness of the air promote decreased emission of sulphur 
dioxide. 

7. Primarly the sulphur is emitted from hydrogen sulphide. 

8. Incomplete combustion in the upper part of the furnace forms  hydro- 
gen sulphide in the  flue gas. In order to prevent this besides an ade- 
quate amount of air an effective mixing in of air in this part of the 
furnace is required. 
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Froffl environmental pollution point of view it  is necessary to study 
the sode   recovery process as well  as  the whole sulphate process  itself, 
It is obvious  that more sophisticated methods are required in order to 
control   the sulphate process.   In   certain cases  perhaps  an entirely new 
control   technique rist be applied.   It does not  seem rigr.t that   the  los- 
ses of  chemicals in the difieren'   parts  of the  sulphate process  shall 
be compensated jus: in  the recovery boiler.  Perhaps  the   losses  should 
be compensated    at those points   in  the  process where  they occur, and 
tlkereby   resulting in a better control   of the chemicals   ' irtulating in 
the process. 

) 
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BLEACHING 

In order  to   characterize environmental   polluting effluents   to   the   re- 
ceiving water-,   (recipi'-"t;   such  terp-s as biochemical   oxygen  demand   ¡CO: 

he-uc.il   o.yry.n  riband   (COD),   total   organic  carbon   [T,ri], 
' nrjnrl rvVrwjis   (r,M)  and so on  are used.  Our <nowled'c' 
t ions   he'v'en   the-,.-   factors and   their  influence  -.iuon'the 
quite   i"""iplotc.   Therefore efforts  should  be  rade   to 

.,  rei ,i« •-,•" .   Th(' r-c'-wds  of measurement  are encumbered 
,f     " ' ' r t.. i n t i       MI  c^rti'in  cases.   This   is  especially 

of cer'ai n  effluents. 

colour (ft), 
"lignin", s'.•<-, 
about the rei 
envi rönnenf ' 
establish M. 

with HU ite ,\ 
true   for t"e 

'¡l   0 1 
'e r •: i 'i. 

In t.h." fnl low 
a relaviely r.< 

•'^  tabi 
'em  su ],j. 

.    7b: 1- 
ite in 1 

condensate  treatrent  är\-  listed 

7 

envirenmeital   polluting eff1uents   from 
with a conventional  bleach  plant an-1 

Table     76:1 

Source Discharge kg/ton of 90 % bleached pulp 

Digesters  - washing - screening 

Condensate 

Bleach plant 

Temporary discharges 

Total 

The share of the bleach plant % 

4,5 

2.5 
13 

3 

23 

56 

B0D7 Colour (Pt)   "Lignin" 

15 

165 

10 

190 

87 

44 

3 

52 

85 

J*>ng the factors, which are of importance in regard to polluting eff- 
luents from the bleach plant, the following can be mentioned: 

The content of lignin In the unbleached pulp 
.      The degree of washing of the unbleached pulp 

rjMii^»*aw«»g» J 
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The carried out  conditions during the bleaching as 
degree of del ignification  1n the primary  bleaching 
used bleaching chemicals 
bleaching sequences 
temperature etc 
final  brightness  and strength properties   required 

Furthermore to a certain extent the degree to which the 
bleac"  plant has  been closed and the filtrate  from wash- 
ers h is  been bro^cjht back  in the system has also an  in- 
fluence  on   the  environmental   pollution. 

The_Content of Lignin  in  the Unbleached Pulp 

How effluents   from a bleach plant is  influenced  by the  Kappa number of 
the unbleach d pulp studies have been made in a  laboratory, where a sene 
sulphate pulps with Kappa  numbers  from 23 to 45 was made in a  laboratory 
digester.   Th -  following conclusions could be made: 

The colour or the effluent is  linearly depending upon  the release of *he 
lignin which is  presumed to be directly proportional   to the lignin con- 
tent of  the pulp.  The colour intensity of the effluent from C and E 
stage is  given as a function of the Kappa number of the unbleached pu'p 
in the following figure   77:1. 

750-• 

*> M «o 
Raff« nuaW 

Ul«r «iMtort» trm »Hairy klMohlng «.f 
••blu«*«* wlpntu Mlp, »iti, «Hff-r#ot 

Figure     77:1 



The BOD? of the effluent 
pending upon the release 
Suits  in a   lower BHj,   in 

fron  the  C  nnd  E  stage  is  also  linearly de- 
of   lignin.   Mixing  in of chlorine  cioxice 
the effluent,  about  1   kg/ton of  po'p  lower 

over the whole  interval   of yield.   The  total   8GL7 as a  function of the 
Kappa number  is given in  the following figure no   78; 

40 «5 
K«pp4 nu*bc<* 

ToUl CC3   fr-4* peiaarj blsc ji.inj of nnblM«k«4 
•wlptwt« palp* *ilb iUfftrtni Kippe iwabar 

Figure     78:1 

Çy increasing the delignification during the cooking it is possible 
to reduce the environmental pollution effect of the bleach plant. 
How far it is possible to go is among other things depending upon 
which pulp quality one tries to produce.  Naturally it is depending 
also upon the cost of wood and chemicals and so on. 
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Figure   73:1 

The Decree of Washi_ng 

How much the unbleached pulp has been washed influences among other 
things the consumption of chemicals during the primary bleaching and 
also the properties of the effluent.  F  laboratory  investigation was 
carried out with a well washed sulphate pulp, when  the wash losses was 
simulated by nixing the pulp with between 5 and 25  kg ^SO^/ton of 
pulp in the  torni of block  liquor. 

The demand of chlorine increased linearly with the wash loss at chlo- 
rination to the same rest chlorine content.  Each kilogram of sulphate 
required 1.3 kg cnlorine and additionally an increased alkali charge 
of 0,2 kg NaOH in the first alkali  stage. 

The BOD, in the effluent from the chlorine stage increased with increa- 
sed wasn loss according to the diagram in figure no   80:1   . while the 
effluent from the alkali stage was not affected. 

ÜÍAÍB 
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U»k IOM kg Ht2S04/toi pwlp 
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C- and E-ataga «i dlffarart «•»*>! lo**«s 

Figure     f>0:l 

In regard to the colour of the effluent the condition is somewhat dif- 
ferent. Most likely the lignin in the black liquor becomes more inten- 
sified coloured  through the chlorination, which is shown in figure 80:1 
«bove. / 

Bleaching Conditions 

Factors of polluting character in the effluent from bleach plants are 
mainly determined by the degree of delignification in the priwary bleach- 
ing (CE) and by the final brightness of the p'ilp required. The degree 
of delignification in the primary bleaching is directed by the addition 
of chlorine and alkali. The final brightness is achieved partly by the 
primary bleaching and partly by the addition of chemicals ab hypo chlo- 
rite, chlorine dioxide in the f^nal bleaching stages. 

At constant conditions in the alkali stage increased chlorine addition 
results 1n a certain increase of the BODy-discharge from the primary 
bleaching. See figure no 
This fact 1s, however, connected to an decrease of the Kappa number after 
CE-bleadi1ng.    See figure no 81:1. 

£^ 
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Figure    81:1 ^ 

At normal chlorlnation (low temperature chlorlnation) a single rela- 
tionship between the Kappa number after CE and the BODy-discharge from 
this stage exists. 

The discharge of BOD7 from the CE-sta'ges at chlorlnation at 40 °C is 
depending upon the  Kappa number after the CE and the alkali addition in 
the E-stage. At the same Kappa number the discharge increases, when the 
addition of alkali   increases. 

When the addition of chlorine increases and the conditions in the alkali 
stage are constant a slight decrease of the colour discharge at normal 
chlorlnation is  taking place, which shows in figure no 82:1. 
When chlorination  is taking place at 40 °C the colour discharge increases 
1n the beginning somewhat with the Increased addition of chlorine. At 
addition over about. 1,2 x Roe number the colour discharge decreases again. 
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Figure   82:1 

> 

Increased addition of alkali in the E^-stage results in an increased 
colour discharge at constant chlorine addition.  This is valid as well 
nomai chlorination as high temperature chlorination with mixed in 
chlorine dioxide (chlorination at 40 °C). 

Fro« the following figure no    83:1       it can be seen how the colour 
discharge from the primary bleaching changes when the Kappa number 
after CE has been varied with the addition of alkali. 

at 

i. 
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Figure   83:1 

':* ! 
The discharge of colour from the hypo-stage  (CEH) 1s very low in com- 
parison with the same from the CE-stages.  It increases somewhat v.ith 
Increasing Kappa number after the CE-stages. However, this  increase is 
small  in comparison with the change of the colour discharges from the 
CE-stages, which is affected by the changes in the Kappa-nuraber after 
this stage, which is shown in the following figure no    84:1. 

i 
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Figure   84:1 

An Increase of the final brightness of fully bleached pulps can result 
In considerable increases of the B0D7-discharge, when the bleaching 
conditions are pressed. 

Modified Bleaching Technique 

The total discharges of BOD7 arid colour (Pt) calculated on 90 X dry 
bleached pulp from sulphate and sulphite bleach plants are grouped 
together in the following table no 
The figures are based on an investigation made by the SSVL Environmen- 
tal Care Project in 1971. 

t Table 84:1 

¡ i Bleach stage Sulphate ' Sulphite 

! B0D? 

Kg/ton 

Colour 

Kg Pt/ton 

BOD? 

Kg/ton 

Colour 

Kg Pt/ton 

i* 

i 
Final bleaching 

4,6 
4,8 
2.6 

7 
138 

9 

5,8 
4,7 
1.1 

25 
41 

0(0,1) 

Total 12,0 154 11,6 66 



The discharge of BOD, is concentrated to the chlorination and the  first 
alkali stage  (about /5 % of the total  discharge).  When bleaching sulp- 
hate pulp the  dominating discharge of colour comes   from the alkali   stage, 
while when bleaching sulphite pulp the discharge of  colour from the 
chlorination  as well  as the first alkali stage  is  relatively large.   Con- 
sequently it  is   important to find such measurements which reduce effluent 
discharges  from  trie chlorination and the first alkali   stage. 

Chlorine Dioxide  in the First  Bleach Stage 

An environmental  effect can be achieved by adding chlorinedioxide to 
the chlorine  stage, whereby colour as well as  B0D7 from the C- and  E- 
stage   discharged to the recipient will be decreased.  The discharge of 
biochemical   oxygan consuming substance from the C-stage increases with 
increased chlorine addition.  See the following figure no 85:1. 

The addition of chlorine dioxide (6 I of totally active chlorine) will 
lower the B0D7 discharge about uniformly with approximately 15 %. 

C», 

'»i»* 

1.0 1.3 ».« 
Chiarina additi«    iR<».% 

'A 
M*. tflMharga fra» C-ataga at »ijrlnj «Merlin addition 

Figure 85:1 

The discharge of biochemical oxygen consuming substance from the E- 
stage depends partly upon the addition of chlorine in the previous 
C-stage and partly upon the addition of alkali  in the E-stage. See 
the following figure no 86:1. 
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Figure   86:1 

_llhen chlorine dioxide (6 X of the added chlorine)  is added in the C- 
stage the discharge will decrease.  At small additions of chlorine the 
effect is limited.  However, at normal addition of  chlorine (1,3 x Roe 
number) a decrease of 10 % of the discharge is obtained. At excess 
chlorination the B0D7 discharge will decrease with  20 % if chlorine di- 
oxide 1s added. * 

The discharge of coloured substance is concentrated to the El-stage in 
the bleach plant.  The addition of chlorine dioxide in the chlorine stage 
will decrease this large discharge of coloured substances. The filtrate 
from the chlorine stage is, however, not affected. 

At chlorination without addition of chlorine dioxide the colour of the 
alkali effluent discharged will  increase with increased addition of chlo- 
rine.  Increased addition of alkali  in the E-stage will also make the dis- 
charge more intensive coloured.  This effect is most apparent when the ad- 
dition of chlorine is rather low. See the following figure no 
A pulp consistency of 6 X in the alkali stage corresponds to a discharge 
of 125 kg Pt/ton at 1,3 x Roe number (3 X alkali). 

The addition of chlorine dioxide has the effect that the colour does not 
change at Increased addition of chlorine. At a total chlorine addition 
• 1,3 x Roe number an addition of 6 X chlorine dioxide decreases the 
colour with about 15 X, at excess chlorination this colour decrease will 
be about 20 %. 
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This method of adding chlorine dioxide  in  the C-stage will  result in 
higher costs for chemicals, if at the s ime time  the temperature is 
increased in this  stage.  However, an increase  in the temperature will 
reduce the environmental effect.  This procedure demands  also chlorine 
dioxide resistant equipment in the chlo.-ine stage. 

The difference in  investment costs for r>ew plants compared with the al- 
ternative    chlorine bleaching and chlorine - chlorine dioxide bleaching 
is small, as the cost for brick  lining of the chlorine tower, which is 
necessary  in order %¿> protect the same against  cMorine dioxide, is 
slightly higher than the cost for rubber  lining of '.he same. 

Hypo_ch_lo_-j_t_e_ jn__t_h_e..First A_lK?Jj..Stage. 

An environmental  effect can be achieved by the addition of hypochlorite 
In the first alkali stage, as this decreases the coloured substances 
in the effluent by almost 30 S discharged to the receiving water. 

This decrease seems to be fairly linear with   increasing addi 
pochlorite.  In the E,-stage a colr>"r reduction of 20 % at a 
10 kg hypochlorite/tón pulp and ,.   10 ï with at the same of 
chlorite/ton of pulp can be achieved. The corresponding  tota 
of discharged coloured substances from the wholo bleach plan 
15 respectively 25 to 30 I. At the higher addition of hypoch 
addition of chlorine dioxide should take Dlace in the chlori 
order to maintain a good quality of the pulo.  The discharge 
creases also somewhat and about 15 %. 

ti on of hy- 
charge of 
20 kg hypo- 
1  reduction 
t will be 
lori te the 
ne stage in 
of B007 de- 

The discolouring ability of the hypochlorite can depend upon the fact, 

-__,—-..,--. 
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that this Dleacl' chemical oxidises au i noi des  ând phenolic  lignin ele- 
«ents  tu aliphatic unculoured  f raqments, eventually all   ti,e way  to 
carbondioxicie and mu rat IL de id.   Thus a proportion of the ¡,ypochlonte 
added reacts with  th.>   lignin, wnich still  should have been extracted in 
the alkali  stage, and  a discolouring of the effluent  is  consequently 
taking plate. 

At moderate additions  of hypochlorite,  less  than  10 kg/ton of pulp,  no 
extra costs for chemicals will   be expected as   less chemicals can be 
added in   the final   bleaching.   At   higher addition of hypochlorite the 
costs  for chemicals will  increase if a certain brightness of the pulp 
will be maintained,  partly because of the cost for hypochlorite,  part- 
ly because chlorine dioxide must he added in  the first chlorine stage. 
This is  necessary in order to maintain the viscosity of the pulp. 

New_Egu2pni*_-n_i._£?nd_N^w  Bleacning Chemicals 

As a new bleaching chemical it is possible-to use ozon instead of chlo- 
rine in the primary bleaching of pjp. The used bleaching liquor from 
a ozon stage should De brought back to the recovery boiler and be burn- 
ed ii, the some. Bleaching with ozon is. however, not yet fully explo-- 
ed. Although bleaching with ozon seems to give a lower viscosity of the 
pulp the strength properties of the same are not affected. Today ozen 
is more expensive than oxygen gas. However, it may have some advantages 
as inore simple equipment can be used anc less amounts of chemicals have 
to be added. 

The most  important application of the peroxide bleaching is most likely 
sequences  for the manufacturing of semi  bleached pulp of the type DP, 
CP or OP.   (UP = chlorine dioxide-peroxice, CP = chlorine-peroxide, OP = 
oxygen-peroxide).  The paper properties of the pulp made according to the 
sequences  DP or CP are satisfactory.  The sequence OP snould be able to 
•ake a semi chemical/pulp without effluents. 

Chlorine monoxide can  replace chlorine in the primary bleaching and 
chlorine dioxide in the final  bleaching of the pulp. Bleaching of pulp 
in the first stage with chlorine monoxide decreases the discharge of 
coloured  substances  in  the effluent and also the B0D7  in the same with 
40 respectively 20 %. ' 

In order  to decrease the environmental  polluting effluents  from the bleach 
plant new bleaching equipments shall  give a direct decrease of the dis- 
charged polluting substances and/or decreased  effluent volume.  A decreased 
amount of polluting impurities can be achieved through a  reduction of tem- 
porary discharges (better control  of the bleach system) or through reduc- 
tion of normal discharges (high yield bleaching - bleaching in gas phase). 
A decreased volume of the discharged effluent can be achieved by new me- 
thods of washing the pulp (radial washing, press washing), and through 
«new bleaching technique (closing up of the bleach plant, bleaching at 
higher pulp concentration, dynamic bleaching, puis bleaching, displace- 
ment bleaching). A reduced effluent volume does not give a reduced en- 



en- 

vironmental  pollution, but the handling uf the effluents are less cost- 

ly- 

0 xyjje n_ _B_1 .e_a_c_h_1_n£ 

Oxygen bleaching  is  characterized  by  the treatment of chemical   pulo with 
oxygen at a high pressure and  increased temperature   in the presence of 
alkali.  The destruction or the cellulose is  reduced  by magnesium inhi- 
bitors.   Ir,  comparison with  the  conventional   hlv.diing  it  is  possible  to 
achieve apparent advantages  from the  -.'nvironmon Lui   pollution point of 
view by using  the oxynen bleaching,   providing  the  oxygen  stage  is 
placed in a  suitable way regarding  the washing uf   '.no pulp and   further 
fitted into  the alkali   recovery  system,  "he destruction of organic  ma- 
terial and the  recovery of inorganic chemicals  cr.n  take place via  the 
recovery system of  the sulphate mill  wrJiout br-igïng  the ch'orite con- 
tent in the liquor system to such a  level  that corrosion will  be a  dange- 
rous factor. 

From an environmental   pollution point of view an essential   fuctor to Le 
considered is  - because of quality reasons - hov;  far the del igni ficat;on 
of the pulp in  the oxygen stage can be allowed  to be carried out, and 
how big an amount of  lignin will   remain in the pulp  to the following 
bleaching stages.  When bleaching a  sulphite pulp to a brightness of 92 Z 
SCAN it is normally estimated that besic_>s the oxygen stage further five 
stages, for instance C/D, E, D, E,  D, av.> required. 

In order to obtain a good recovery of erf1uent  liquor from the oxygen 
bleaching and  reduce the environmental   influence o*  the bleach plant 
in an economically satisfactory way it is required that the oxygen stage 
is integrated  in a  closed washing and screening system.  In many cases 
it can also be necessary as alkali   in the oxygen stage entirely or oart- 
ly to use sulphur containing alkalies  in order to avoid an excess of al- 
kali  in the mill.  This has been studied at one of  '.he mills  in Sweden. 
The results from this  investigation and several1 o s.,ier ones are commen- 
ted in the fol lowing. 

At the mill  trials efforts were made to fairly exactly establish how 
far the del igni fi cat i on in the oxygen stage can be carried out when 
bleaching sulphate pulp add when considerations were taken to the pulp 
quality and to environmental effects anticipated  in connection with these 
trials. As basis  for forming an estimate of the different mill   trials as 
referens was used a period when NaOH was addeo as alkali  in the oxygen 
stage, and when the white water system around the oxygen stage was open. 
The results from this  refer°ns  period showed a good conformity with trials 
in the laboratory. 

By closing tr< -: white water system waste liquor from the oxygen stage was 
brought back    ith the pulp to   -he oxygen reactor.   It was found that the 
w/isr-? liquor f.-om the oxygen oleaching did not affect     the quality of 
the oxygen bleached p ''p or the consumption of chemicals in the oxygen 
stage. 



-Ol 

<--N 

r\ 

EVAPO 
HAT ION 

»8/17 6 

OS- 1546 

i± 

e 3/?4 e 

Dc.-1550 

10 6/0.8 

HH 

10 6/îJO 

w—i 
8.1/2 T 

'? 

CONDENSATES 

3.6/0 

S.1/0.31 r 
^i*^E^€)^>&ë 

r-> f 1 ASH 
DRYER 

y!     PAPER 
r^      '-'ILL 

HlGHHFAT 
WASHING 

RACIAl 
WASHING 

SCR t, F Nim FILTER PRESS 
>-> PLANT 

Flowihfct for totally closed kraft mill   Figures indicate fon liquid prt Ion of pulp (9^ Vc) I percentage by weight 
of dry lol'Jt  DS    legs of dry solids per ton of pulp (90 'U) 

Figure 90:1 

r\ 

TO 
EVAPORATION 

4 
m« 

•• \—UL 

V ,> 

\J 

CONDENSATES 
36 

ote TO PAPER M'lL 

 n> 

r STOCK 
11 

FRESHWATER 

85 

FRESH WATER 

106 

STEAM 

10 

PRO0UCT 

y^~X33ï£r ^9° oooooooo 
OOOOOOO '. ¿—TT> 

FRESH WATER TO SEWER 

10«' 

WATER CONTAINING 

FIBRES TO SEWER 4 6 , 

Flowiheet fot lotally dosed kr»ft mill  (cf fi«   7), including paper mill. Figutes indicale ton liquid per ton of pulp. 

Figure 90:2 



• • 



Ill ' ° l 8 

j ù 

III ' ' 
M III 1.4 j 

¿5 

i 2 2 

20 

18 



-92- 

V|> 

r\ 

IVAtO- 
RATIO« 

OXVGEN 
III ACH INO 

HëOH 

OÍ/ISO 

10Í/IS 
6.3/24 I 
0S-15S0 

j { "I f—y—i 
•••/«.i    HH Pi V 
0$"SBO JO./,J    \    / 

.V__   «l/?8 

• 1/11 

e.i/4 3 

NIGHHIAT 
WASHING 

RADIAI 
WASHING mss 

3.4/0 

'«I» 
SCREENING FUHR _ 

CONOtNSATI« 

Figure 91:1 

(VAPO- 
RATIMI 

M/H2 
0Si1S»9 

HH 

V_y 1.1/4.« 

CONOfNSATIS 

3.4/0 

NIGH MEAT 
«ASHING 

RADIAL SCREENING     ULTI« 
WASHING OXVOEN FILTER 

•LEACHING 
mitt 

now**, ,or totally clo,«J k,* mi|¡. including om« M^hin. ||. tfrm indie«««,. 7 ^ ,. 

Figure 91:2   

IVA»©- 
RATION 

"»"HEAT      '    SCREENING PRE« 
OXYGEN 
•LfACHWG WASHING 

now%h«t for totali? ctoMd left „«I, taefc,,,^ „^ 

Figure 92:3 „ 

MUIR* 

HI. Fifum indksirsfii. 7 tnd 9. 



-01- 

í^? í       °í black  ,iquor (not °*'dized)  in the oxygen  stage was also 
stud ed partly by adding the same bìfore  the stage and partly by in- 
stalling a closed screening system before the oxygen stage.  The pre- 
sence of black liquor caused a certain  impairment of the quality of 
the oxygen bleached pulp especially in respect to the viscosity of the 
same. Furthermore  the black  liquor caused an increased consumption of 
oxygen but a  decreased dicali demand.   If one wishes to produce a fully 
bleached pulp with'strength properties comparable with  those  in pulp 
Dleached with conventional   bleaching sequences, it is recommended to 
ensure that   the amojnt of unoxidi/.-d black  liquor dry substance,    which 
roi lows the  pulp  jnto the oxygen  reactor   is not exceeding  20 kg/ton of 
pulp. 

At the conditions, which were existing during the period, when  the 
screening system was closed, the washing on the filters, which  followed 
after the oxygen stage, was more effective for inorganic material than 
it was for organic material. 

Fro« both mill and  laboratory trials the following conclusions could be 
nade: 

1. The final shape of the chlorine stage is of great importance for the 
finally bleached pulp its strength properties and it»,  viscosity. 
With chlorine dioxide present  in the chlorine stage a  significantly 
higher viscosity and tearing strength of the pulp was  obtained. Addi- 
tionally  the environmental polluting discharges became smaller. 

2. Strong delignification  in th* oxygen stage (?. 60 I)  resulted in 
lower strength properties of the finally bleached pulp compared with 
a pulp bleached  in a conventional 6-stage bleach plant. 

3. Bringing back wasHe liquor from the oxygen bleaching  to the follow- 
ing chlorine stage resulted in a certain decrease of the viscosity 

. providing chlorine dioxide was not added in the chlorine stage. When 
black liquor was transferred to the chlorine stage in a conventional 
sequence the result was also a decreased viscosity. 

»ite liquor arid green liquor besides NaOH was also tried in the oxygen 
Stage. When solely white or green liquor was used a distinct impairment 
of the viscosity of the oxygen bleached pulp was obtained, while the 
oxygen consumption also increased.  When half of the alkali was NaOH and 
wit other half white liquor or green liquor a fair viscosity could be 
•Mntalned.  Through the use of only white liquor, which had been oxidized 
negative effects regarding the viscosity and the chemical  consumtion 
could be avoided. 

In sunrlng up the mill trials and the laboratory trials, which were car- 
ri«1 out with pulp from the mill it can be concluded, that with a oxyqen 
sequence OC/DEPED a delignification of about 53 * (Kappa-number after 
the oxygen stage 15,5 - 16) produced a pulp with the same strength pro- 
perties « a pulp bleached in a conventional sequence CEHDEO. How big a 
degree of delignification which can be allowed in practice depends to 
ft large extent upon which variations in the Hgnln content of the 
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unbleached there are. Therefore a rigid control  of the coo<1ng of the 
pulp is »n important complement to the oxygen bleaching. 

When establishing the effects of the environmental measurements it 
must be pointed out that regretably the determination of the BOD^-values 
is rather uncertain. The reduction of the values when changing from the 
CEHDED-sequence to the OC/DEDED-sequence at about 53 X delignification, 
about 20 kg unoxidized black liquor substance per ton of pulp to the 
oxygen reactor and about 80 X waste liquor recovery, will be about the 
following percentages: 

BOO-,    (Biochemical oxygen demand) 45 -  50 X 

'j' « COD     (Chemical  oxygen demand) 55 -  60 X 

Colour    (Pt) 70 X 

l'i' ' 

The degree of del igni fi cation seems to be of less importance In regard 
to the BOD7"value than to the colour. 

The introduction of oxygen bleaching results in an increased load of 3 
to 5 X on the recovery boiler caused by a higher amount of dry substance. 
In a «ill where the recovery boiler is the bottle neck this will mean a 
reduced production. When oxidized white liquor is used to 100 X 1n the 
oxygen stage an increased capacity in the caustidzation and reburning 
of the lime is required, which can be about 7 X.  The transfer of waste 
liquor fror» the oxygen stage can also require increased capacity in th » 
evaporator room providing the washing of the pulp after the oxygen stale 
is not sufficiently effective. 
The increased investment costs for the installation of an oxygen bleach 
plant is about: > 

10 million SwCr for a capacity of 300 tons/day 90 X 
unbleached pulp 

i|V ' 22-23     million SwCr for a capacity of 900 tons/day 90 X 
unbleached pulp 

I 

i|i 
If a recovery of 80 X after the oxygen stage shall be achieved, the two 
filter stages must function very well, if the above mentioned gains of 
the environmental measurements shall be fulfilled. 

At a oxygen price of 0,20 SwCr/kg the yearly operating costs comparad 
with those for a conventionel bleach plant will be about the same in 
the first case but about 1,9 million SwCr lower at a production of 900 
tons/day. 

An Interesting application of oxygen bleaching Is 1n the manufacturing 
of semi bleached sulphate pulp, which has bee:» studied at Husum mill. 
A pulp with a brightness of 50 - 55 X SCAN was produced. This pulp has 
been afterwards tried as an enforcing pulp in newsprint paper with a 
very good result. 

At the same mill the bleaching sequence 0CED has also been tried. A 
brightness of the pulp of 89 X SCAN was obtained during the trial pe- 
riod of three weeks. 
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At the Norweigian University of Technology one has among other things 
studied the sequence OC/DPD.  With a peroxide addition of 0.9 % and 
an addition of 2 % chlorine in the chlorine d oxide stage a brightness 
of 92 % SCAN with acceptable  viscosity of the pulp was obtained. 

When birch or hardwood pulp  is bleached with oxygen,  the gain regarding 
the environmental care  in absolute figures is  lower than oxygen bleach- 
ing of  pine sulphate pulp.  This is due to the fact that the lignin con- 
tent of  unbleachfl birch or hardwood pulp is lower  than in pine or soft- 
wood pulp.  When the del ignification io carried quite far, over  50 %, a 
strong  decomposition of the c?llulose will  take place as well as at   the 
same time a  lower yield and viscosity is obtained.  A suitable Kappa- 
number after the oxygen stage seems  to be 9 to 10. 

Oxygen bieaching of magnefite pulp has als^ been studied. A delignifica- 
tion of a magnefite pulp (Kappa-number 30) to about 50 % required about 
20 kg NaOH per ton of pulp.   The de1 iqnification in  the presence of only 
Mg(0H)2 became as low as 10 - 20 %.  This will mean that in the recovery 
of the waste  liquor from an oxygen stage in a magnefite mill  sodium 
salts will be  introduced  in the recovery system.  Furthermore this will 
mean that the economical  conditions  for an introduction of oxygen bleach- 
ing is  considerably less in a magnefite mill  than  in a sulphate mill. 

) 
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Closing of the Pleaching System 

The closing of the water system in a  bleach plant is prlmarly carried 
out in order to reduce the consumption of water and  thereby the amount 
of waste water.  From environmental  care point of view the closing of 
the system results   in a decreased load on an external  purification 
stage at the same time as the handling costs of the water is decreased. 
The same results also in a decreased  discharge of fibres and most  like- 
ly also marginal  reductions of the discharged quantities of BOD7 and 
coloured substances.   Furthermore it can result in a  saving of heat. 

The closijjrç of the chlorine stage will not result in changos of the pro- 
perties of the pulp, but it can cause operative disturbances.  However, 
it will result in increased costs for alkali   in the í)-stage. 

The returning of hypochlorite white water will give small  advantages in 
respect to the environmental care as  for instance reduced colour in the 
Ej-fi 1 trate and no effect on the properties of the pulp. When applied 
it can reduce the costs for chemicals  in the stage mentioned. 

It is possible to contemplate at least three main principles for the 
closing of the water system in a bleach plant. See the following figu- 
res. 

A.   Returning thv white water (filtrate) 1n one acid and one alkaline 
line. 

8.   Bringing bxk the white water (filtrate) in a strict counter current 
stream. 

C.   A mixed counter ^current washing comprising of a combination of A and 
B. This type of closing is recommended by many among other things 

.   with the motivation that it will  be able' to give the iewest costs 
for chemicals. f 

Hgurt 97:1 
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Tht following alternatives for the closing of the white water system 
fro« process and operative point of view   has been investigated. 

1. Returning in an acid and one alkaline line (A). Open chlorine stage 
2. Returning in an acid ond one alkaline line (A). Closed chlorine stage 
3. Returning 1n a strict counter current stream (B). Open chlorine stage 
4. Returning in a strict counter current stream (B). Closeti chlorine stage 
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The amountsof discharged  water in the four alternatives has been cal' 
lated, and the result  is shown in the following table. cu 

Table   99:1 

lÙ/'« 

Alternative Effluent discharge m3/ton 90 % bleached pulp 

1 

2 

3 

4 

38 

20 

31 

13 

The first alternative corresponds to what can be achieved with the 
best technique of today without any great disadvantages. 

The next alternative no 2 is considered to be able tc cause complica- 
tions in the form of foaming on the chlorine filter resulting in de- 
creased capacity difficulties to control the temperature during the 
chlorination and so on. 

Alternative no 3 can give problems when acid and alkaline liquids are 
nixed on the chlorine filter and in maintaining the correct temperature 
1n the hypo chlorite**tage. 

Alternative no 4 will  give the same complications as alternative no 2. 

Treattnt of Waste Liquor from the Bleach Plant 

Besides a modification of the bleaching or the introduction of new bleach- 
ing processes as oxygen bleaching it is possible to reduce the effect of 
the waste waters from the bleach plant upon the enviror.me.it by treatment 
of certain discharged effluents in different ways. The costs are in that 
case very much depending upon the magnitude of the amounts of waste wa- 
ter discharged, which shall be treated, that is upon the degree of the 
closing of the system  in the bleach plant. 

There exist treatment methods, which have a practical application, while 
others are beino developed. Today mainly precipitation with lime and 
b1oloe,1cal purification (1n combination with other discharged effluents) is 
In practical use. In Jep*¡i a precipitation with Iron and Urne 1s applied. 

Mjthods which are being developed comprises among others treatment with 

sua* 
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lonexchangers, adsorption by active carbon, amine extraction and re- 
versed osmosis. 

Lime and  Iron/Lime Precipitation 

In principle  the Tiethod using lime for the precipitation is carried out 
by treating the filtrate from the two E-stages, after  this has been 
used  in  the wood room.  The precipitation is carried out with  lime added 
as milk of  limo.  The  lime sludge is separated by sedimentation.   The 
sludge  is dewatered further after an addition of lime mud.  Thereafter 
it is  fed to the kiln for reburning. 

Based upon laboratory investigations the consumption can be determined, 
and the  following results listed in the table below have been obtained. 

Table   100:1 

Primary alkali  stage       Screens + primary 
alkali stage 

300 t/d       900 t/d 300 t/d 900 t/d 

Specific costs SwCr/ton 
90 % unbleached pulp 

CâO addition,  t/d   < 

Decrease in BOD7 \' 

"    Pt-colour Ï 

9,70       7,15 - 7,80 13,85        9,65 - 9,80 

23                69 30                  90 

about 30 about 30 

80 - 90 80 - 90 

The   method of using iron/lime for precipitation is carried out by using 
•n Iron solution (Fe2+ - Fe3+), which is made by dissolving iron metal 
1n the form of scrap in wste water from the C-stage on the bleach plant. 
This Iron solution is mind with the waste water (filtrate) from the E- 
stage.  Lime is then added 1n order to increase    the pH. There will then 
take place a precipitation of Fe-organic (and most possibly also Ca-or- 
Îinlc) substances and Fe-hydroxide. The precipitated substance is form- 

no. flocks, which are seperated by sedimentation. The sludge is after- 
wards thickened, dewatered and burned. 
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„•i    •  ,i „„rifiration of effluents from the bleaching In combination 
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V-b 

Ion-Exchangers 

^no^methods being developed a special  interest should be giver; the 
treatment of waste wat er    rom fir st ^¿ rf ^»^  is now beiJg 

The method, which has been deve i opea oy ^ nhtJli„e<) laboratory re- 
tried 
suits 

in full iSuin^rS1 Sl^aHer *«.;.- U", re- 
îhese indicate a purification effect 1» practise of 95 X for co- 

loured substance and 60 % for BODj. 
The following figure shows how a treatment of waste water from the bleach 
plant is carried out with ion-exchangers. 
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At St Regis Pape«" Co, Pensacola, Florida, USA development work  is carried 
out to produce active carbon as a biproduct from the recovery system in 
the sulphate mill, and investigations are being made to use tha same for 
the purification of the waste water from the bleach plant. These investi- 
gations will   be reported very soon. 

BÇYÇ^Ç^Osmosis 

The use of reverse osmosis for the concentration jf different discharged 
effluents from the forest industry is since 1966 oeing investigated by 
the  Institute of Paper Chemistry (IPC),  Appletnn, Wisr., 'ISA.   The costs 
for purification of waste water from bleach plants are considered to be 
too high at present. 

) 
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TEWORARY DISCHARGES 

The total discharges  from a pulp mill can be divided partly in "normal 
Jrtes      ischarges", which depend upon the lay out of Jhe process and 
Spor. the equipment used, partly in temporary ^charges. These are such 
discharaes   which to an essential   degree surmount those for the process 
anS for*the équipant normal discharges or which in some other way are 
not normal  for the process during the operation. 

The temporary discharges can be divided in three main groups according 
to cause: 

Faults in the equipment (Example: A hole in the filter cloth) 
Human factors (Example:   Forgotten valve to the sewer) 
Mishandled control  (Example: Running over of liquor tanks when 
the process is operated out of the line) 

According to investigations made and all information collected the tempo- 
rary discharges correspond to 20 - 50 % of the total  discharges of che- 
micals and to 30 -  50 I of discharged fibers  from the mill. 

Temporary discharges are often of a short nature (10 minutes). The ex- 
tremly short discharges can therefore only be discovered either by con- 
tinous measurements and control of sewers or by taking samples with short 
intervals. 

Investigations made 1n the Swedish pulp md paper industry revealed that 
through temporary discharges about 80 OOD tons of fibermaterial are los. 
yearlv to the recipients. Furthermore it was established that temporary 
discharges of chemicals from the sulphate mills corresponded to about 
100 000 tons per year as Na2S04.  The value of the lost substance    is es- 
timated to about 10 SwCr per ton of produced pulp. 

Below some of the most common reasons for temporary discharges are listed: 

Digesters 

Screen room and 
Bleach plant 

Liquor system 
general 

Tanks and 
Pulp chests 

General 

Leakage in heat exchangers 

Tom holes in the filter cloth, inferior sealin 
of the filter drums 
Leakage in pumps.  If the sealing water 1s leak- 
ing Into the liquor the evaporators are more 
loaded 
Not correct indicating level indicators cause 

Pipe fractures close to the tanks can result 1i 
large discharges 

Power failures result 1n *eHos disturbances 
1n the operation, which often are followed by 
temporary discharges 

¿asBUdUiSBUáaaaamaiai 
mm 
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Mib"ianeuv<?ri ng 

Digesters 

Wash   room 

Sc reon   room 

Bleach  plant 

Evaporator roo^ 

Tanks  and 
Pulp chests 

Causticization 

External  purification 
systems 

General .} 

Hu«an_factors 

Evaporator room 

Bleach plant 

Tanks and 
Pulp chests 

General 

Blowing over of liqour  from the blow  tank  is 
easely dorie,  if its blown  too warm.   The  Tarra- 
gas volun.es  is then overloading the blow  tan- 

Overlodd ¡ '•••}  result,   in   foj'üinq ,¡nd over  fi..;, 
freni the  wash  fi 11   rs 

Rejects   ,->»•<;. to"i!ior.:rly -"ii verted to the  sew^r, 
and troc   there  they a'"f.   :;'.r;,ed  to  tv¡e  sed1"-:r- 
tation   instead of being returned tc  the  syst- • 

Unevenly  cocked  ;.>ulp   Vn:\  the dujeiters   car, 
suit in  diffuculties  tc  add current arounts  - 
chemicals   in the bleach i ri y stage», which e;sy 
can cause   increased discharges 

Foaming  ¿nd over flews because of over]oacin .. 
If the skimming of t.ill   oil   is  ^t function r ••, 
a condensât" is obtained,  which ^anrot be  re- 
used and   thus has  to be  discharged 

If a too high production level is demanded tem- 
porary discharges are 'orced forward, especial- 
ly if the pulping section has a higher capaciu 
than the  liqour section 

Over flows of mixersand liquor tanks. Over flow 
of water  from the lime kiln scruLber 

Fiber recovery installations and settling ba- 
sins are overloaded 

Start and  stop routines  are often such   that 
temporary  discharges cannot be avoided 

Mismaneuverings at coupling or dec ','pïing of t'- 
evapora tor effects when jeing wasned can resul* 
1n foaming and discharges of lioour 

Discharges of gas force  the personnel   to leave 
the plant 

Over flows 

M^maneuverings because of lack of training, 
not sufficient operating instructions or in- 
attentiveness 

There are reasons why temporary discharges are so little observed in 
spite of the considerable consequences, which they have in regard tc 
the environment and the costs being caused the industry. 
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The temporary discharges are often caused by human faor.The opera 
tor or the foreman does not always have time to take all  f ows.  levels, 
buffer-storages and so on. which influence the process, into considera 
tion ! Sometimes chis can mean that temporary discharges will not be 
known to the managemant. 

Author r»«P is the conflict between the choice of temporary discharges 
Î fanVnSisl.rbedproduction. Because of economical reasons a temporary 
discharge is prefered than a loss of the production. 

u^.^ont. in nrdPr to avoid Temporary Discharges 

8':'" Tfre Posi 1bi 1 i ty cf.j:pntrpJJjniX^e-JLrPC.e.ss. 
AlVeïd'y "when laying out a flow diagram for a procès* jw »Jwld J«" ^ 
minH thP nossibilies to avoid temporary discharges. At an eariy stage   "> 
TieD anniSq start and stop routines should be discussed as well as also 
¡te     ck n s anScaUstroShy routines.  The control should ft £ i^jnge- 

•hat th0 nnprator with so simple maneuvers as possible can increase or 
ìecre   e ?he proSuc   on   T eTisks connected with different disturbances 
In   "operation shall be weighed against each other «o that .~xi^ 
security at a resonable cost is obtained. This philosophy sh*'V"enr* 
fleet itself in the operating instructions. In this the personnel shall 
be g ve   clear and unbiased Instructions, which •'" c^«^«0?^- 
tion in adjacent departments. The operating personnel "^e often d ff1 
cultles to se "their" equipment as a part of a long production cha In. 
WhVn the" is a question about how much buffer tanks between departments 
shall be filled, conflicts can arise between the same. 

jöj»nAiAalnaAt^«Äcl^ 
7n general tanks within single process departments are a P«^«*^« 

;     •<) process itself. Their main purpose is to g ve enoug   retent on t me or 
•"    ' equilibration of fluctuations of concentrations of the through Rowing 

Media. The volume of the tanks are so determined, that required reten- 

I 

^ \ 

O 

•'uS, ^ 

•*C\ t 

tion time 1s achieved at maximal production. 

h i  'K    ' Tanks and chests between different process departments function as 1n- 
'.f«V**~ termed*! stooges and must be dimensioned so that one department can be 

1 ! oteTating even if departments before or after the same are stopped. 

A third category of tanks ar* those so called collecting reservoirs, 
îhese wke an eîtra buffer capacity and 1n the same various discharges 
are collected. 

To determine the volume of a collecting reservoir Is not as simple as t 
dimension a process tank. If one only considers the ?••" *2S.f?¡e,. 
an overflow from a tank within the process,because of for Instance lac. 
of Information (incorrect Instrumentation) or watchfulness, "parate vc 
lûmes are adequate in comparison with the tanks within the process It- 
self. » 
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It is easier to estimate a suitable volume of a collecting recevoir, 
If one desires  to have the reservoir on hand  in order to make  it  possi- 
ble to empty the ordinary process tanks   for  inspection and maintenance. 
A collecting reservoir shall  then be so dimensioned,  that one or ^Qverd] 
tanks can be emptied to the same without anything going to the sewer.  V 
such aspects are  laid upon the dimensioning one  collecting reservoir wii1 

in most cases be so big, that it can receive unintentional overflows irr 
process  tanks during normal operation or at slop and  start during  a suffi- 
cient long time,  so that measurements are tQâïy to be  .aken before the 
collecting reservoir in its turn will  over-flow. 

A mill  should have collecting reservoirs, which   form  the last link   in the 
chain.  For instance it is suitable to place a  collecting reservoir one 
before and one ûfter the soda recovery boiler,  as  it  is unsuitable to 
mix pure inorganic  liquor with black  liquor.  The content in the collect'' 
reservoir should slowly be returned to a  suitable  point in the process. 
An example how this can be made is shown in the figures on page 

Damming up of Equipment 

In a sulphate mill  there is a great number of tanks  for liquor and oil, 
e g thinn  liquor,  intermediate liquor, mixing  liquor, thick liquor, green 
liquor, weak liquor, white liquor and oil  for burning. Furthermore there 
are tanks  for e g sulphuric add and sodium hydroxide. Safeguards  in the 
for« of dammings or embankments are required according to regulations on- 
ly for certain inflamable material. However these regulations cannot be 
applied for above mentioned different kinds of  liquor. However,  in oruV,- 
to make possible a satisfactory safeguard against temporary discharges, 
every tank should be provided with overflows to collecting   reservoirs. 
If this is not possible they should be provided with an adequately de- 
signed overflow to ejfcanked pond or placed within a damming or an embank- 
ment. The latter should have such a size that the operating personnel 
will have time to take measures against overflows, before its volume is 
completely utilized. 

The damming should not have any outlet. Rain water and éventuel  overflows 
shall be removed via a pump pit within the damming itself. The ground 
should be made    tight so that no out flow via the ground water is taking 
place. Such overflows should be returned to the process. 

In order to avoid that tanks are leaking because of for instance corro- 
sion, they must be regularly inspected, when the degree of corrosion is 
measured, and other measures are made to detect leakages in the same. 

In order to prevent overflows to occur and secondly to collect overflows 
and leakages in concentrated form to be reused a protection system can 
be laid out in the following manner: 

Conti nous measurement of the level  in all tanks 
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Sounding al arre for high levels from a separate gauge 
Embankment outside the tank ._,_•.» 
Sounding alarm for high level  inside the embankment 

The size and the frequency of overflows depend to a large extent upon the 
¡tîeîtîon fro» the personnel. Ir. order to facilitate a better super ne - 
Sence every tank  sh.-i.ld be provided  level  measuring instrument (gating 
or registrating).   ¡-sides  this the tame should bo provided with an alari, 
for high level  (abet 95 % full), which receives its impuls from a sepa- 

i ' "»' rate gauge. 

V:* In the pulp industry an efficient measurement of the level is •d« JVf/1" 
cult because of the properties of the liquor to incrust. corrode, foam, 

/ sediment and so on. 

,V'-- All equipment for the superintendence of tanks and embankments should be 
J regularly   controlled in order to prevent faults and to maintain a high 

operating security. 

I n t e rna l_Mea su res_ i n_ the_ P rpçess_ Depar tmen t s_ 
As"•"principle"for'all"Internal measures in the process departments pro- 
cess and discharge systems and sewer systems should be so fj«^ •«i 
discharges ca.. easily be collected so elote to the source as 1t Is possi- 
ble and so that it can be returned the shortest way to the process. 

These measures are of the following type: 

Equipment shall be so dimensioned that unnecessary bottle 
necks ex/st in the process 

\h\ *v    * Interlock the equipment electrically so that start respec- 
'»!>•'• tively stop take place 1n a correct order 

Around equipment where overflows often occur embankments 
with separate outlet to a suitable reservoir should b« made 

The equipment should be on levels    so that spillways can be 
arranged from a process technical point of view in a suitable 
manner 
All equipment for collecting temporary discharges shall be 
dimensioned according to the largest possible discharge ex- 
pected 
All environmental protecting equipment should be so formed, 
that the personnel will have a minimum of extra werk. Other- 
wise 1t will be difficult to maintain the same at good work- 
ing conditions 

Examples of these measures n* demonstrated 1n the figures on page 

f 

% 



The Lay Out of the Sewer System 

Included  in  the measurements against temporary discharges  are not only 
the installation of buffer tanks, dimensioning of  equipment,  superin- 
tendence and  control  but to a  large extent also a   correct  lay ot'„ of 
the sewer system.   The sewer system shall  be so differir iented and sc 
flexible  thjt   the continous  ami   t»"iporary discharges   fnjin the  di'ferert 
department-   o4   the mil  can he returned, diverted  for  treatment or only 
discharged,   it  no  treatment  is  required. 

In  the conception  S'-.jer syst-m  th"  'HMI  outlet  uf   the di '.charges  to  the 
recipient  is  cf t&,i't  included. 

Under certain conditions it can be relatively easy  to plan a sewer sys- 
tem,  if  there   ''s  no need to take a  cha iqinq attitude  from the authori- 
ties or decided cha noes  in the   process or relocation of certain parts 
of the process  into consideraron. 

In spite of these reservations  it can be appropriate te have a rode!  tn 

work  from.   Therefore a  SSVI -group has made studies of a  few newly laid 
out sewer systems and  tried  to combine these  in an  ideal   solution, which 
is demonstrated  in  the attached  figure. 

Each discharge is guarded by a system in which sampling equipment and 
measuring gauges. 
At normal  operation purified discharges can be contaminated due to ope- 
rating disturbances or break downs cf .iiachineries.  Conductivity guards 
give    then an alarm and by    these contaminated water  is diverted to 1hose 
waste liquor containing discharges, which shall  again  treated  in the eva- 
porators.  At  installations of this  type a throrouqh superintendence and 
control  of these guards must be exercised so that  the unnecessary diverte 
water into the evaporator system,^l»4 **/ wil 1  cause  increased operatine 
COS ts. A single  1 i t e r / ni i n jwhjch __u n nece s s arj_y   J_s_ d i verted  thj s way wi 11 
result in an extra cost for steam r/ about hQQ_ Sv/Cr per^jfar to evaoojvtc. 
and it requires an extension oF~- he"e vapora tor" "and" t ' e Tecc v ery boTler" 
capacity for" about 5~"000 SwC7.~ 

Basically it is common to distinocish between three types of industrial 
sewer systems, namely such ones  +~or sanitary water,  rain and cooling 
water and process water. 

According to common practice the sanitary water is directed to the com- 
munity for treatment, while rain water and cooling water, which is re- 
garded as pure, directly can be discharged to the recipient. 

The process water discharge is divided in a number of separate systems 
before the purification of the same. 

Water containing bark sludge is directed through a special sewer to a 
settling basin for treatment. 

Fiber containing   discharges contain such large amounts of fiber that 
H must be separated before it is finally treated to recover the same. 
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This 1s done in a sedimentation basin. After the same the pipes are 
combined again. 

It can be suitable to arrange a spedai  system for process water, which 
contains dissolved organic substances and chemicals but not fibers.  This 
can be applied to floor drainS from the digester house and the alkali 
preparation department and to eX&ess condensate. These drains are connec- 
ted through collecting reservoirs to be treated for recovery of the che- 
micals. 

From a bleach plant acid and alkaline discharges are diverted normally 
separated, and a mixing of these take place at a suitable point outside 
the mill.  It is then directed in (the same pipe to the sedimentation basin 
or eventually as fiber free water to the recipient. 

When combining different discharges there 1s a risk that hydrogen suplhlde 
'«>•:• and other poisonous gases can be formel. Great care must therefore be 
' excersiced that the water seal «gainst the mill  department is functioning 

all the time. 

Icaioiog 
It cannot be enough emphasized the Importance of the training of the per- 
sonnel 1n environmental protection care.  It 1s difficult to limit th.s 
training to a special pert. The best result will be obtained 1f the   rei- 
ning 1s Integrated 1n the normal training of the mill personnel. 

> 

i '« 

i 
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EFFLUENT CONTROL 
ÜTT5 ~ 

BY  CLOSING THE  WAHR  SYSH'.M  IN THE PAPER "MING PRO- 

Overflow water created  in the paper makinq orocess contains materials 
in  different  forms as  suspended  partirles  <jn^  dissolved  compounds. 
The suspended "vter'dl  are mainly fiber fragments and  fillers as kao- 
lin, while the  cssolved materials consist of wood substances as car- 
bon hydrates,   Ügnin and resin connojnds.   All   these materials will 
follow the excess water from the pape  me'.nines to the  recipient, un- 
less  they arc  not reuoved by some •. in<' of  purification  treatment of 
the white weiter,   f-ron the viewpoint of environmental  control   thus  the 
handling of  the white water   is  the main problem. 

However,  there  are two good  reasons for being concerned  about the eff- 
luents  from a  paper machine and  its white water system.   These ¿re to: 

1. Reduce pollution of the receiving water 

2. Retain all  valuable substances and expensive raw materials, 
which are existing in the excess process water 

It is self-evident that  the lower the volume of water cart be kept the 
easier, e:onomirally as well  as  technically, the elimination of the 
pollution hazard caused by the solids ¿nd the dissolved and colloidal 
materials can be carried out.   In order to achieve this  consequently 
it is necessary to close the white water system so that  excess water 
from the paper making process  is minimized or completely eliminated. 

A subproject group of the Environmental  Care Project (SSVL) carried 
out an extensive >-f search and development program in order to find 
fro« economical  point of view the most optimal  means to solve the en- 
vironmental  problems of the paper industry.  The results  reported have 
been reviewed  in several  articles. Thus we wish to refer to the artic- 
le by S Martin-löf and co-workers with the title "Establishment of a 
closed system for the paper making process".   In this paper we will only 
deal with some practical aspects regarding how the closed systems should 
be arranged, which are based upon said report. 

Present and Future Conditions 

According to the investigations made by SSVL in the paper industry re- 
garding the degree of closeness of the white water systems of the paper 
machines this varies between different types of machines. The following 
figures exemplifies this both 1n regard to specific water consumption 
(«¿/ton of paper) and to the loss of material  (kg/ton of paper) for 
different kinds of paper produced. The lowest values represent estima- 
ted losses assuming best available technique and are related to the 
best conditions, which have been able to be achieved in practice during 
• long period of time without observing any negative effects on the ope- 
ration or the paper quality. Thus the figures are related solely to 

i 
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thost conditions which exist during continous and normal operating 
conditions.  Thus so called temporary or accidental discharges should 
be aided to the given values. 

Accivettai  discharges are caused partly because of mechanical  failures, 
partly because of the necessaty to open the system for cleaning the 
machín« when running certain qualities. 

Short trials have been performed, when the closing of the system has 
been carried still   further.  The problems, which have arisen at these 
occasions, have been of a more colloid-chemical  nature rather than of 
a mechanical  character. 
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The stock, fresh water, broke and white water systems of the paper 
eacMws must fulfill many demands. These vary from product to pro- 
duct, and the lay-out of the systems must be applied to the local 
conditions. Furthermore the composition and colloid-chemical proper- 
tits tf the paper stock and the white water vary quite a lot. Because 
of ill these factors a specific system solution which functions well 
1n one mill, cannot simply be applied in another mill. 
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CTosed System Solutions 

The amount of effluent water which leaves a  paper mill  is determined 
entirely upon how much water  is added to the mill. 

Water, which comes into the paper mill,  comes out as effluent. 

Water, which has  transported  f'Oers, contains fibers,  fiber substan- 
ces and dissolved colloidal  material and  fillers  in some cases. 

In order to reduce the effluent  from the paper mill  in the  first place 
it is necessary to  reduce the amount of water going into the same.  Se- 
condly the water, which does  not necessarly have to come into the fiber 
earring    system, shall be entirely kept apart  fron the same.  Furthermorí 
the water quantity, which must go into the  fiber earring system, must bd 
purified. 

1.    Open and closed systems 

In figure no     116:1 a classical  entirely open system is illustrated. 
For each  ton of paper produced  a couple of hundred cubicmeters of wa- 
ter pass  through the mill.  Each cubicmeter of water carries u\5 to 5 
kg substance to the    sewer.  The discharged quantities are completely 
unacceptable, why such systems hardly exist anymore. 
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In the next figure no   117:1a common relatively open system 1s shown. 
The pulp from the pulp mill carries about 30 nP water/ton of paper. 
Sealing and shower water is added  in the stock preparation and on the 
paper machine. Additionally sealinq and cooling water for the vacuum 
pumps and cooling water for the steam condensor, motor drives, pope 
and so on are added.   All  the added water, about 10(1 to 200 ¡n-^/ton are 
collected in a combined discharge.   Therefore the same will  carry fib- 
res. The white water, which is discharged, is the one from the paper 
machine having the lowest conceitr>\\on. 

The content of solid substance can be of the order of 250 mg/1  corres- 
ponding to 0.25 kg/rn^.   The discharged solid substance will  then be 
about 25 to 50 kg/ton finished product. , 
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Figure     117:1 

In order to decrease the consumption of fresh water and at the sane 
tine the amounts of effluents a such equipment (stuffing boxes, 
spray pipes, vacuum systems etc) is required, which uses ^tery small 
amounts of fresh water or which can work with fibre-poor or fibre-rich 
water. 
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Furthermore the following conditions are required: 

Systematical  returning of fibre earring water to points in the 
process where it can be tolerated.  For instance at the adjust- 
ment of the concentration dilution can be done with not purified 
white water. 

The addition of water to the process must be minimized.  This  can 
be done by reducing the addition of fresh water and by reducing 
the amount of water transpur;, pig the paper steck. 

All excess white water shall  JC purified  internally in a  fibre 
recovery unit. This water should be the poorest in reqard to 
fibres. 

Hot all  fibre-camng water as cooling water shall be diverted direct- 
ly to the recipient, if    it cannot    be used  instead of a necessary 
freshwater addition. This requires  that there  is a complete separation 
qf fibre-earring and not fibre-containing water. 

A syste« where ebove points have been observed  is illustrated in figure 
no   117:1. 
The amount of water coining with the pulp to the paper mill is small, es 
the transport water has been replaced by white water. 

The return water from the wet section of the paper machine can be divided 
into different types depending upon the content of fibres. 

Fibre-rich water from the wire table 
Fibre-poor water from the wire showers 
Relatively fib/e-poor water from the separators after the suction 
boxes 

The aost fibre-containing water is returned directly to the fan pump 
with the addition of the relatively low fibre-containing   water from 
the separators after the wet suction boxes. The most fibre-ptor water 
(wire wash water, separated water from the dry suction boxes ¿nd water 
from the press part) shall be diverted to the fibre recovery equipment. 
Thereafter it can be reused as shower water in several places. 

The water consumption in a closed system of this type can with the to- 
day's best available technique be brought down to about 20 ne/ton of 
paper. As the amount of filterable substance in the leaving water can 
M Maintained in a magnitude of 50 mg/1 a totally stable discharge in 
the order of 1 kg/ton or 0,1 X of the production can be achieved. To 
this discharges caused by disturbances in the operation should be added. 

This example shows how in reality the discharged amount of filterable 
substances can be reduced from the quite unacceptable level of 20 to 
30 f In the entirely open mill to 2,5 to 5 % in the conventionally clos- 
ed »ill and further to 0,15 X of the production at a systematically 
carried out closing of the paper machine system. 
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Placing of White Water Filter and Broke Pul per 

The placing of the white water filter and an eventual  broke thickener 
in the system 1s very essential. In sone systems an adjustment of the 
concentration of the broke takes already place in the dissolver for 
Met respectively dry broke, while for other types of paper ^1$ ne- 
cessary to use a thickener for the broke before it 1$ returned via a 
chest to the process. 

The filtrate fro« the broke thickener has 
fibre, which in the same order as that in 
suction boxes. The concentration can even 
the amount of fibres the white water fro« 
be returned to the white water system for 
or for purification in the fibre recovery 

in general  an amount of 
the white water fro« the 
be higher. Depending upon 
the broke thickener should 
dilution of the paper stock 
equipment. 

A flow diagram how the broke thickener and the fJlÌ^:-.
#?rA^Ì?rÌr.«%« 

covery are connected with each other is exemplified in the figure no 
120:1 . The unflltered white water 1s used for consistency regulation 
in the stock preparation as well as for dilution 1n the dissolver for 
wet and dry broke. 
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In the chest for not purified white water a  deficit of water exists 
even when the broke thickener is working in   full.  The richest water 
fro« the collecting cistern for suction box water is used for main- 
taining the level of the white water constant and the same is thus   in 
that way returned to the system. 

Only the richest white water in this  system  namely from the part of the 
collecting cistern mentioned, which  receives  water  from the couch and 
the dry suction boxes, is diverted to the white water filter. 

The preformed pulp mat on a white water filter shall  not contain fine 
materiel  and dissolved and colloidal   substance. Therefore unbeaten  pulp 
should be used for the preforming of the mat on the save-all. 
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Figure    120:1 

The wire wash water, which contains only a small »mount of fibre ma- 
terial and mostly long fibres, should 1f possible be diverted direct- 
ly to the filter. 

As there must be a chest for purified white water» this can also be 
utilized for a certain degree of purification as by sedimentation, 
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The Sulzer tui-b'ne as a vacuum ptr.ip consumes on  the ether hand only 
STO 11  amounts  of fresh water as cocl .ng water in  its bearings.   When 
this vacuun- p'.'  o act;  as a condensator  turbine  no water  is needed for 
its function'.   '"'e? Sulzer turbine is usually of such a  si?e that only 
a few turbin. >  ar¿ enough for a modern   larq? ;;aper machine.  This will 
mean that the v.'atjr consumption can be reduced  to about 100 to 300 
1 /min for a p.'.p, .-r machine of the above mentioned size. 

Also reciprot'' .ng piston compressors of different manufacture ire us:d 
as vacuum po JG.  These pumps do not usually require any fresh water in 
order to function. Such oumps have been used in a couple of Swedish 
paper mills for- about four yeirs without any serious operating problems, 

All ab^ve mertioned pumps have practically identical output capacity 
in "egard to yt.-;cr input, ihe reciprocal piston compressor needs ttit. 
least room r.t t!.e :-"»? tire as the sound level  is the lowest. 



Within the paper   industry toddy Nash pumps are mainly used. Modern 
larger production units usually  require 10 to 13  pumps.   These are di- 
vided so  that   two  or three are reserved  for high   vacuum     for among 
other thinq  the   suction chamber   in  the couch roll     The  rest of the 
pumps operate manly at a   lower  vacuum for suction boxes   in the wire 
section,   piiK-ijp   roll  and  suction  presses  in the  press   section  anc* 
In   felt   si-'ion  boxes   in cmnection w th a felt  washer.   ]'  each pump 
is  supplied   v"th   s'-ali"q water   in   the  amount rerj < i red   the  water  consump- 
tion will   bv  di-(  jt  JÜ(.'S)  to  <VK)H   I/nun. 

In order  tu  <•>•<< ¡   e th" wat.fr ^ua-i^'y to the whole vacuum system the 
following   sy,••:!:.,   have  been developed: 

Installation of water separators and reuse of  added  cooling water 
in  the wire  ana  the press section 

Installation of heat exchancjprs, by which the water  quantity sucked 
from  the in per sheet   is cooled and  then reused  in   the vacuum sys- 
tem 

Utili/atiur  of different water temperatures.   The  sealing and cool ire 
Sys tenis art-  cascade connected   in two s tens 

Through   :he installation of watet   separators in each vacuum section as 
Illustrated   in   the following figure no 123:1 the  fibre containing water 
from the  paper   sheet can be separated from the air before  it goes into 
the vacuum pumps.   The water separdtor can be fairly simple in its con- 
struction, whic>   is demonstrated    by figure no 123:1    below.  The obtained 
water from the paper sheet  is pumped from the separator   to »he collect! re. 
tank for  the suction box water.   Consequently nc  fibre material   is aúéeá 
to the vacuum system., why the fresh water added  to the  vacuim system 
can be diverted directly to the recipient or alternatively cfter heatinç, 
1n a scrubber be  reused as shower water in the wire and   the press sec- 
tion. 

In order  to guarantee that required purity of the circulating sealing 
water is maintained, the water should pass a simple filter before it 
Is delivered as   shower water.   In order to control   the amount of sealing 
w«ter the vacuum pumps are equipped with pressure and  temperature guares. 
The water separator shall be equipped with a level  control  so that at a^i 
times there is a certain liquid  level  in the same. 

An other method  to reduce the fibre containing white water quantity from 
th« vacuum systew is shown in figure   123:2.  ¡n this system there has 
b—n installed a heat exchanger connected as shown in the figure. The 
diverted and obtained water quantity is allowed to pass  through the 
vacuiM pumps, after which it is collected in a so called vacuum pit. 

Th« collected water Is then pumped to the heat exchanger, whereby the 
hwt content of the whit« water is reduced to a suitable level with 
cold fresh water.  Thereafter the chilled white water is reused as cool- 
1wf or sealing w«ter in th« vacuum syst«*. By this method a certain 
•xcess of white water corr«sgonding to th« water quantity which comes 
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fro» the paper sheet exists.   This white water quantity  is diverted 
to the collecting tank  for the suction box water directly from the 
collecting tank after  the vacuum pumps. The fresh water consumed is 
thus leaving  the heat exchanger somewhat warmer.  It can either be 
diverted directly to the recipient together with the  fibre-free dis- 
charge or it  can be reused as warm s'iower water in  the wire and the 
press section,  as this water docs not contain fibres. 

As «entioncd  above there dra no s 
and the reciprocating piston com, 
or no water at all.  Ho-.vevor, a v 
the water-air dispersion leaving 
in a separate water separator to 
all the pumps  are going.  This   is 
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to this system.   It should be obse 
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4.    Shower water systems  in the wire and press section 

Very much water is consumed   in the wire and fress section of a paper 
machine for cleaning,  spraying and wetting or  the wire, press rolls 
and press felts.  Earlier only fresh water was used  tor this  purpose. 
Naturally it depends  upon  the fact that fresh wate-- has been easaly 
available and it has been more simple to use, as at the same time the 
advantage cf using warm water was  not  thought of. 

A wire section is usually pqijip^ed with a shower pipe next  to the 
breast roll, a few shower  no/zl^s around the deckle, a shower pipe 
near the suction box  in the cow h roll, two or several edge sprays, 
one or several shower oioes  for spraying the paper sheet down into 
the couch pit, two extra  showers for the edge also to be sprayed 
down into the couch  pit and finally shower pipes  for each gjide roll 
in  the wire. Most of these shower positions are supplied with fresh 
water.  In the following table the consumption of fresh water In dif- 
ferent positions is   listed. 

Table   125:1 

iV^ 

Position Type of water 
FW or WW 

Breast roll 
Deckle showers 
Couch roll  showers 
Edge sprays t 
Shower pipes for spraying 
the sheet into the couch pi 

.Sprays for edges into couch 
pit 
Guide roll  showers 

1/min per 
m width 

Pressure 
kp/cro2 

FW 1  x 150 Ca    3,5 
FW 6 x    30 Ca    3,5 
FW 2 x   25 Ca    3,5 
FW 2 x   25 Ca 10,0 

t   WW 1 x 250 Ca    3,S 
2 x 100 Ca    4,0 

FW 5 x 150 Ca    3,5 
FW 

*'¿> The amounts of shower water indicated per meter wire width are re- 
fered to a modern paper machine. 

From the table it can be seen that for a five meter wide paper ma- 
chine with five guide rolls the water consumption for the wire 
section will be approximately 6.250 1/min. Of these usually 5000 l/m1n 
Is fresh water and the rest white water. 

In order to reduce the fresh water consumption 1n the wir« section two 
different methods can be applied. First of all the consumption of water 
shall be reduced as much as possible, which can be done by cutting off 
two or three guide roll showers, take away the deckle showers and for 
the other showers except for the edge spray reduce the pressure of the 
water. The other method is based upon the reuse of unclean or cleaned 
wire shower water.   In order to achieve a good result these two methods 

WÊÊÊÊÊ 



should be combined. 

Regarding the first method  a reduction of the water consumption of 
•bout 40 % be achieved in  the wir*-  section.   In order to be able to 
perform this work  on the machine a   long torm trimming period  is  re- 
quired, when the operating  personnel  shall   be made partly  respon- 
sible for  the maintaining of  the   least water consunption.   It is  im- 
portant to kee',j a  contìnous  super -intero -nee, as otherwise after a 
time the water consumption   tends   to  increase. 

If  the shower *v ter  is ret sei, hm.vvor, the  largest reduction of  the 
fresh water  i ev.';ry,t v/i on  d or "¡nous basis has  been achieved.   For 
doing this  several  different methcis have been developed.   The most 
conmon one  is the ore w^en purified white water from the  internal 
fibre recover)  systen is reused.   The same  is  then used for  the guide 
roll showers, breast roll   shower and the edge spraying of  the sheet 
Into the couch pit, while  the sa"ie for the whole sheet is  supplied 
with fresh water.  See the  following figuri no 126:1 

tolf i«i «Uli« MW 

U 

Mfurt     126:1 



-1 

Tills can  in this case result in a  reduction of about 90 X.  When white 
«iter is  recirculated as  shower water special nozzles are required. 
In principle the nozzle holes are made somewhat bigger than when  fresh 
water is  used.  Furthermore the surfaces should be polished  in order that 
the fibres  in the white water shall collect on the same and cause 
troubles with clogging of  the nozzles.  By  this method the recirculated 
water quantity ban be increased with about 15 ». 

The guide roll showers are often connected in serie, so  that one shower 
is supplied with fresh water, which is collected and mixed into  the wa- 
ter for the other showers.  This me¿ns that about  1/5 of  the fresh water 
<H»antity the whole time flowing through the shower water  system by which 
the fibre content in the same is relatively low.   This shower water quan- 
tity 1s all  the time kept separated from other white water except the 
1/5 part suplied to the white water system. See the following figure   127: 
In order to get rid of eventual  solid material  there should be installed 
• some kind of a course filter.  This very simple method often results  in 
a reduction of the fresh water consumption in the wire section of about 
70 t.  In many modern mills  instead of *resh water, water  from the dry 
*nd of the machine, for instance discharges of water from the vacuuir 
system and other cooling positions, which can be obtained as pure water. 
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This water Is often heated 1n the dryer scrubber, by which warm shower 
water is obtained.  Thereby the stock temperature on the machine can 
be kept  fairly high which  is an advantage as better drainage on  the 
wire is achieved. 

Another method very much utilized is based on the  knowledge about the 
variations of  the white water quantises along  the wire.   The curve  in 
the figure no    128:1   below demonstrates the variation  in  the fibre 
content of the white water coming from different  points along the wire. 
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Figure    128:1 

Tht Magnitude of the fibre content 1n the white water varies from 
••chine to machine and between different types of paper products. 
In a paper machine producing fluting, newsprint or magazine paper 
the fibre content in the white water is often as high as 1500 mg/1. 
Tht dissolved and colloidal materials are of the same amount.  In a 
fcraft paper mill the fibre content seldom exceeds 500 mg/1 and the 
dissolved and colloidal  substances does not exceed 100 mg/1. 

If an intermediate wall  is Installed at point B in the wire through 
the white water quantity obtained between A and B Is separated from 
those quantities received between B and C. In this way a white water 
H obtained between B and C which contains relatively little fibres. 
plis quantity can with advantage be reused as shower water, ultimate- 
ly in both the breast roil shower and in the guide roll showers. By 
•»king the above mentioned changes 1n the process the fresh water 
consumption In the wire section can be radically reduced at the same 
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time as the temperature of  the stock Is increased and the loss of 
materials  is decreased. No changes  in the quality of the paper 
should take place. 

In the press section the fresh water consumption  is distributed to 
the following points: 

Sprays in  the pick-up roll,  sprays  in the press suction roll, snowers 
for cleaning of doctor blades and  showers for cleaning of  felts. 

Fresh water is usually used in -11 these positions, why the water con- 
|f*i sumption  in the press section often is high.  Nobody has experience from 
I   • recirculating the white water in  the showers  in the section. Therefore 

today the only possibility to save water is to cut down the consumption 
in each single position. , 

,,'.; In a few machines the problem with the high water consumption has boon 
t   '<- abated by replacing the continous  felt washer with an intermittent 

working high pressure shower. The result from these trials have been 
) 'quite promising, as felts with a    high content of synthetic fibres have 

been used.  The intervals between  the washings vary from case to case. 
Thus in some paper   machines  the washing of the felt is done one or 
a couple of times each shift, while in others the washing is done only 
once a week. Besides a favourable effect, which this measures have uoon 
the water consumption, these have resulted in a prolonged life time  if 
the felt. 

Conclusively it can be said that it is possible to decrease the con- 
sumption of fresh water in the press section considerable by above 
mentioned measures without harming the felts and  their life time and 
affecting the moisture content in the paper sheet unfavourably after 
the presses. . 

ij.V'J 5.    The seal water system 

In a paper mill a large part of the fresh water consumption is the 
sealing water for pumps, screens, agitators and so on. Usually there 

» »re about hundred positions where sealing water is used. The sealing 
,:|^ water is mainly mixed into the white water system and thereby increas- 

i ing the quantity of contaminated water discharged to the sewer. 

By the introduction of modern sealing systems and   for an improved 
control of the water consumption in sealing devices the discharged wa- 
ter quantities can be reduced considerably. 

As there exist different kinds of sealing devices for pumps, 1t 1s re- 
comendable to consult a manufacturer of these equipments concerning 
which kind to use 1n different positions. 

A check valve will prevents the liquor to force Itself through to the 
sealing gland, when the sealing water is accidently cut off. Therefore 
this type of valve us usually installed immediatly before the pump. 
Besides the obligatory check valve a screen, flow indicator, orifice 
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pi «tt and eventually a pressure gauge can be  installed as shown  in 
tht following figure no    130:1. 
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Flgurt     130:1 

Tht prtssurt gauge 1$ naturally valuable for th« personnel for the 
control of the pressure of the sealing water.  It should be installed 
next to tht seal. 

Tht purpose of a flow Indicator is to indicate that the sealing wa- 
ttr has not stopped to run. If this is the case serious barm can be 
dont by the increased temperature in the liquid film between tht seal- 
ing rings. 

To have an orlfict platt Installed 1n the pipe Une for tht staling 
Wittr ctn be very lultiblt, as by the same a simple arrangement 1s 
Obtained by which • ctrtaln control and limitation of the consumption 
of tht staling wattr can be achieved when the pump is in operation as 
«til as 1t 1s stopped because of for ins Une e a wire change. 

In ordtr to supply all sealing* 1n a mill with staling water rtquirtd 



it is recomendable to distribute the same in an entirely sepa- 
rate pipe line as exemplified  in  the  following figure no   131:1. 

The pipe line system should be  layed out and mounted   in the mill 
in sections, which an* provided with  branches to suitably located 
pump groups.  Al!   the  pipes  should  be ¡Tiade of  stainless steri.   In  or 
order to prenote a   ..ei '!"• operation  on.ly absolutely  nerossarv shut- 
off  valves  shut; Id   be   ' nstal led.   furthermore  »i,e hand   wr>ee]   for  the 
valves should be reroved or  'he valves  should be  locked, sc  that  un- 
intentional   shot-off s  of  th,> v.ater  sepply cannot occur. 

Directly after  the  in-take i>f  the  fresh water line   into the paper mill 
a suitable amount t>f water  is directed  to a  level  controlled water  sea 
from which a  feeding pump is pumping   the water through some sort of 
micro filter.   In  the same particles which have a wearing effect on  the 
equipment are removed.   This  is of great  importance   in rcadr?.  to   the 
life time of the sealing glands and  so on, and that  the r.icro filter 
has adequate capacity to purify  the water consumed. 
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Without comparison the filtration of the white water to  recover the 
fibres is  the most common method. [.quipment for sedimantation func- 
tions very  good for white water obtained  when producing  paper quali- 
ties with a  high degree of  fillers. 

The following aspects on  tho equipment  for filtration  of the white 
water can  be mentioned; 

By filtration the suspension of materials   is dewatered  on a fine mesh 
cloth. Most of the white water can relatively casely freed from sus- 
pended material by retention means. Dissolved and colloidal material 
will normally not be separated. . 

When filtering white water  the filter cloth cannot normally have so 
fine a mesh  that it retains fine material.  Therefore normally a more 
open cloth   is used, upon which a filter  mat of coarser material is 
foming the actual filter media. 

At present  two methods dre used to forn   this filter cake. 

By the coating method, which  is öfter used for drum and wire filters, 
the filtration is taken place in two steps.  In the first step the fil- 
ter cake is  formed. The same consists of usually unbeaten pulp.  In the 
next step the white water  is added and  filtrated through the formed 
filter cake. 

The amunt. of solid, which is separated  from the white water, is 1n 
fonerai considerably smaller than the amount of pulp in the filter cake. 

he filtrate rrom the first step-contains rather much fibres, and it is 
therefore returned'to the head box of the filter. 

Thea1x1ng-in method is applied mainly when disc filters are used.  In 
this case the amount of suspended material  in the white water is increa- 
sed by an addition of pulp so that a concentration of about 5 g/1 is 
obtained. 

•esIdes the concentration of the white water, type of fibre and fillers 
the capacity of a filter depends mainly upon the effective filter area 
end the available pressure difference. 

Ti» filtration process can be carried out with several  types of appara- 
tine«: 

•tv* filter 
felt filter 

.     61sc filter 

The dru« filter consists of a vertical rotating cyllnde,   which 1s 
covered with a wire cloth. The latter 1$ woven with a thread of dif- 
ferent «eterial, i g phosphor-bronze, stainless steel or plastic. 
usually a filter cake Is fomtd with unbeaten pulp. These filters 
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operate often with a pressure difference, which is obtained by the 
level difference between the outside and the inside of the cylinder. 
The filtration can take place from the outside and to the inside or 
in the revers direction. 

Th» belt filter consists of a drum and a  trough as the above described 
filter.   The principal difference is that  the filter media consists 
of an endless wire, which runs off the filter to discharge the filter 
cake, cleaning and now forming of the filter cake with pulp. 

The disc  filters are built up !>y a number of circular discs dressed 
with cloth, which in the center are fitted to an horisontal shaft. 
Each disc consists of several  sectors.  Each such sector together with 
the corresponding sectors  in the other disc are connected  to 3 sepa- 
rate channel   in the shaft. The water flows from both sides of the disc 
into the hollow sectors.  The required pressure difference is created 
by a vacuum pump or ^ore common with barometric drop leg.  The latter 
requires a certain minimum of liquid load  in order to be able to give 
a good result. 

A relatively large white water chest should be installed in order to 
equalize the load on the filter. A chest should   also be installed 
after the filter, which can be so dimensioned that the purified water 
can be utilized instead of fresh water. 

When chosing the dimensions of a filter the retention properties of 
the fiber material must be taken into consideration. Also its com- 
pressibility should be determined so tr.it the pressure difference and 
filter speed required can be calculated.   In this case it is recommen- 
dable to turn to a manufacturer of filters who has such data for di- 
mensioning a filter*, which he has built up by experience. 

Spec1 fi c _Laj£-Ou t s _o f Papjer J* chine „White _Water _Sy_s terns 

If consequently carried out the above Mentioned recommendations for 
closing of the paper machine systems will give drastic results In 
regard to partly a decreased amount of discharged solid materials as 
fibres and fillers and dissolved and colloidal materials to the reci- 
pient, partly a decreased water consumption "-esultino, in considerable 
economical gain. 

It was mentioned above that there are actually no ideal models for clos- 
ing of the piper machines. Each mill and each paper machine nust be gi- 
ven Its own system closed. It would carry to far to describe all closed 
systems applied for different types of piper manufactured, which have 
been studied by the Environmental Care Project (SSVL).  Instead we have 
allowed ourselves to Include some of the flow diagrams given in a report 
by SSVL. When these are carefully studied a lot of valuable Information 
can be obtained from them.   * 
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Today's technique offers excellent possibilities for internal  measures 
in order to reduce the discharges. As a complement to the internal mea- 
sures a séparation of the suspended materials  in the effluent  is re- 
quired befor" the same arrives  to the recipient.  This separation can 
suitably take place in a sedimentation basin,    which should have such 
a size and snap»:,  that  it can function as a   "police" against  temporary 
or accidental   larger fibre discharge,, e g at  failures  in pipe lines, 
holes in fi Iter cloths  etc. 

Ii» certain <.¿st-s screening or filtration can replace sedimentation, for 
instance when a discharged water can upset the function of the basin to 
the disadvantage of other discharged water.   This is the case regarding 
for instance discharged waste water fron the bleach plant, which partly 
normally contains a small amount of fibre and partly often reduces the 
efficiency   of the basin. 

me separation of solid material  from the discharged waste water is some- 
tines called primary treatment. 

Ifcen it is judged that the recipient docs not have the capacity to receive 
we discharged waste water the same muse be purified and freed front oxy- 
|tn consuming substances by a biochemkil  treatment and from suspended 
or dissolved substances by chemical precipitation. Such a purification 
process is called a secondary treatment 

A secondary treatment can result in considerable complications in the ope- 
ration of the mill without giving a corresponding gain in the environmen- 
tal protection.  In addition to this problem there will also be a problem 
with the treatment of the sludge obtained and the disposal of the same. 

Sedimentation 

Nowadays most mills in Sweden have special sedimentation equipments. Se- 
gmentation means that particles are removed from the water by gravity 
•no   the sedimentation is therefore dependent upon size of the partic- 
les, the temperature of the water, the water flow and so on. Theoreti- 
cally the sedimentation is only dependinq upon the surface area of the 
sedimentation equipment. Therefore - still theoretically - the sedi- 
•tntitlon basins should have the right area but need no depth.  It has 
bjtn shown in practice, however, that the basins need to have a depth 
•f almost 7. m. This means that a circular sedimentation basin should be 
Jt least 2 m deep at the periphery. This depth of the basin is natural 
MCMse there must be a magazine that can be used, when the basin is 
loaded momentarily with a high concentration of fibre suspension. See 
figure   134:1    on page   134. 

TJe load of the sedimentation basin 1s expressed in mW/h. For all se- 
«•tntatlon Hazen's surface load theory should be applied. According to 



-i i^- 

the same In order to be removed a particle must reach the bottom of 
the basin before the water leaves  the sedimentation basin. This will 
«an that the particles should have a rate of descent which is greater 
than the flow velocity per sedimentation area (Q/A m3/mz/h). As some 
of the particles aro coming into the basin under tha surface and  thus 
have a shorter distance to fall, other particle*  having a lower rate 
ff descent will  also be removed. 

If a particle has a   rate of descent v0 and arrives  Into the basin at the 
surface (see figu>>   below) an.d roaches the bottom at the out-let,  the 
following correlation is obtained: 

Ftgurt       135:1 
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or     v0 

where 

A   '  I 

v0 •   sédimentation velocity m/h 

B «   the width of the sedimentation basin 

L "the length of sedimentation basin 1n »ter 

H -the depth of the sedimentation basin in 

Q •   the flow HtVh 

A •   the area of the basin in er 
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Ine surface load Q/A is thus equal  to the limit rate of descent v0 for 
those particles, which will  be barf y removed. 

Thus depending upon the si/e of the particles which have to be sedlmen- 
ted  in  the bas-n, the  lo.id will  differ  from a  very  low to a high value. 
for waste water cominq irom fine paper mills  the value is about 0,5 
«3,n¿/h and   for waste water coming  from a pulp mill   the figure is about 
? p^/m''''h. 

Depending upon  the  internal  me .-sures   ta'i.en in different mills it  is  ad- 
vitable to  invfStirMte the waste wtter which should  be cleaned by sedi- 
mentation.   It   is naturally   important   to  find out how  this water will 
betid ve in a segmentation basin before this one is constructed and given 
its dimensions. 

Circular ced1'mentation basins are mostly used in Sweden because the machi- 
nery  is cheaDer than for rectangular basins.   In countries where there are 
no problems with snow and ice, the rectangular basins may probably be of 
greater interest. 

The effects obtained by building sedimentation plants depend naturally 
on the quality of the incoming water, but the outlet should have a fibre 
content running fro1* 10 to 10 ppm if the basins are functioning satis- 
factory. 

There are also other types of fibre retrieving equipment. One Is the verti- 
cal sedimentation basin. This functions in the manner that water 1s In- 
troduced into the basin at the bottom and the inflow of water creates a 
circulating stream in the basin. This circulation causes coagulation of 
the fibre content. In some mills a rather good result has been achieved 
with these types of^oasins. 

Flotation 

Instead of letting the fibres descend   to the bottom of the tank it 1s 
possible to make them float up to the surface with the aid of very small 
bubbles of air.    This called flotation and the method 1s frequently used 
for fibre recovery inside the «ill. A typical one is the so called Sveen- 
Pederson saveall. As this equipment is depending upon the air pressure, 
it is not so useful as the sedimentation basin for the final treatment 
of waste water.  In order to obtain a good result with the flotation equip- 
ment it 1s mostly necessary to introduce a coagulent into the water such 
as aluminium sulphate. 

Chemical Treatment 

Chemical treatment of waste water from pulp and paper mills 1s not usual 
for the reduction of only the fibre content. In the last years, however, 
chemical treatment of especially the waste water from kraft mills has 
attracted great interest. In the following table values obtained from an 



-] Yf- 

Investigation in a kraft mill   is  tabulated. 

Table   138:1 

Before sedimentation 
"internal measures" 

mg/1 

After 
sedimentation 

mg/1 

FI occupati cr 

after sediment *•   - 
mg/ì 

Fibre content 

B007 

Colour Pt 

200 - 300 

100- 135 

810 - 870 

18 -    36 

100 

740 -  772 

11-28 

44 

150 - 182 

• kg/ton pulp kg/ton pulp 

Fibre content 

M07 

1.8 

9 

1.2-1.6 

3,5 

Column 3 shows how the water from the sedimentation basin is reduced :n 
tOOj with about 50 %*by coagulation of the water with 100 g aluminium 
Sulphate per nw of water. This precipitation of waste water is, however, 
limited to the wash effluent from the kraft mills and is unfortunately 
»Dt of use for waste water from a bleach plant.   The only way to reduce 
the BOO 1 n the same seems to be a modified process. However, as mentioned 
previously new bleaching methods using oxygen under pressure have been 
developed. This means that at all events 50 per cent of the bleaching 
effluent can be reused in the chemical circulation of the kraft mill. 

Biological Treatment 

It has not yet been quite possible to solve the condensate problems in 
the sulphite process as it has been done 1n the kraft process. For the 
former condensates, therefore, there remains only the possibility of 
using biological treatment. 

Biological treatment of effluents from forest Industries 1s used on a 
full scale in the United States and also at some mills in Europe and 
Asia. Most of these treatment plants are built for kraft mills. The 
plants use mostly the activated sludge method but are constructed in 
different ways. The reduction of BO07 in these plants 1s normally 
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75 - 90 per cent. A conventional  activated sludge plant consists of 
a sedimentation tank  in which the oxidation and the BOD7 reduction 
take place, and a sedimentation or flotation plant where the activa- 
ted sludye is  separated.   As the waste water from pulp plants Are poor 
in nutrients,  it is necessary to add phosphorus and nitrogen. 

The biological plant fune 
to reduce the fibre conte 
lent is mixed with return 
pH control. Aeration can 
In the second sedimentati 
the suspended solids. Kos 
the inlet end of the aera 
the sludge handling stati 
in the water this biologi 
chemical   treatment plant. 

tions as follows.  The first sedimentation act 
nt.  In  the aeration basin the  pretreated eff- 
sludge.  nutrients and possibly chemicals for 

be done by turbines or other sorts o-' aerators, 
on b.isln the treated water is  separated from 
t of this as activated sludge  is returned to 
tion basin.  The excess sludge is brought to 
on.  In order to reduce the phosphorus content 
cal treatment plant has to be combined with a 
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The cost of the biological  treatment depends  naturally upon wMch  part 
of the effluent has  to bo treated.   The estiva tod  treatment cost  in 
these cases  is  somewrvre between ? and A US dollars  per tn"  r<f  vrL<iur.fi'i 
pulp.   The figure  no    131:1   illustrais  a  lay-out  of  a  'orni oc; i r? 1   treat- 
ment plant according  to the active sludge method. 

Sludge Handling 

Scientists have developed methods U:r mechanical, biolo;i<.al   an! cleri- 
cal  treatment  of waste waters.   At the  end of   t^'-se processus   a  sludge 
of various character   is obtained, Unfortunately so  far there   is no uni- 
form solution as  to how to handle tKis sludge. 

Fro« the sedimentation basins a  sludge is taken out with a dry  content 
of about  1  -  2 per cent.   In some c ises  this  sludf\-> can be hrouort Sack 
Into the production,  but the sedimentation basin -lu't the^ no',  be leaded 
with bark or rejects   f ron centriclrarer s. Usually tne sVudoe  cannot be 
reused and in  these cases it  is dewatered to about 5-6 ;.-.r  ce^t áry 
content in special  basins. Afterwards  it is conditioned witv,   soiie Kind 
of dewatering apparatus. The dewatered sludge with dry content of about 
30 - 40 per cent may be burnt together with bark  from the wood depart- 
ment in the mil 1. 

If the waste water is treated with aluminium sulphate the sludge will be 
very voluminous and difficult to dewater. In some cases this sludge just 
as well can be reused, but mostly it has to be treated. This problem was 
almost impossible to solve before a new type of centrifuge has been con- 
structed In Denmark. This centrifuge makes it possible for the flocks to 
keep together when the water and sludge enter the slowly rotating com- 
partment of the centrifuge, where the speed is up to 1600 revolutions per 
minute. 

The problem is even more complicated when it is necessary to  treat the 
effluent biologically.   In Swedish sewage treatment plants it is a prac- 
tice to use some kind of a digester to break down oc?rt of the organic 
substances in the sludge. This also reduces the bacteriological  problem 
of the same. Sludge from the biological treatment plant of wood-proces- 
sing mills has no harmful bacteriological effect.  It is therefore possi- 
ble to stabilize this sludge aerobically by putting it on the ground as 
fertilizer. This is a possible but, unfortunately, not a final solution. 
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SUSPENDED MÄHER IN V/ASTE WATER 

Definition 

Kor the purpose of this method suspended n..utcr in 
waste water U> defined a, the natter relamed when 

'iltrinati W,ter
I»1'

i,t««» though a spretici 
•'Iter. Floating material and supernatant layers of 
non.qu.ou. liquid, .hould be removed before the 
filtration. 

Ob|ecl and scop« 

The test .pecified in thia method is intend <i for    Proce<^e 
»easunng the .mount of suspended matter oresent 
l" » sample of wut« water. t 

While the teat is Applicable to mos't kinds of P(<¡,. 
enu. special cor« i. required when filtering waten 
|-«.n?a.ning .uspended matter Uut build. up a filter- 

ì!>f Iti" T*?"»' * •mailer P°• si2e »*«> the actual 
Jlter (Not. 1). Th. method » not intended for the 
détermination of «upended oite. 

Prepararon of sample 

Remove floating initerinl and other particule i- 
ÏH, "« dispened on statin.* the *r0S3 
sample. Allow this to attain ambient temperature. 

Bec.ur.e some kinds of effluents . for mir,.. 
those f.-m kraft mills - are unstable, /he .,„„...., 
should he analysed without delay. 

Aitate the gross sample vigoiously and transfer 
.mmod,ately a suitable volume  < Jerally Va   100 

t on   V,!.TWng,CyUndeT rapidly and ,n °»c P«r- t.on. Tne vo urne taken should contain 5 to 100 mg 
of suspended matter and should be chosen so th« 
the filtering time is less than 1 min. Read off the 
sample volume on the cylinder scale. 

Principie 

r:.e sample is filtered through » filter paper of •la„s 
f .bres and the retained dry matter i, wei3hcd. Fiele- 
*int detail, concerning the filter are presented 
under «Apparatus». v "ca'lQ 

Appar.rus 

1.  Glass-fibre filters (Note 2). pore size appro». 

WouV    m <N0" 3)' * mm in di*"**w 

2
   ÎL"0!,"«' '««»•». with an inner dianwter to teke 

the filter papen. 

3. Filter pump and filter flat*, for thf BUeawr 
funncau 

4   Drying oven, adjustable te 1WC ± 5«C.      ' 

•„   Mi h at 105°C * 5°C in the drj'in- oven. Allow ,t to attain equilibrium with the atmoa" 
phere „ear the balance and we.gh to the nearest 
0.1 mg. Lnaure that during this procedure the filter 
is not contaminated by dust. 

Place the weighed filter in the Büchner funnel and 
•PP y suction. Moisten the filter with . few drops of 
distiUcd water and check that it fits the funnel 

Transfer the sample quantitatively to the funnel. If 

££!? ^m;„PCCOrd the time »^*. Ri"» the cylinder with 20 ml of distilled water and us. this 

íith*!?"1*" ma"11"' RinM *"• »W« * »h« '«««•" with a f«v millihtres of distilled w.ter. Remove th. 
filter carefully from th. funnel .„d dry it in th. 
drying,aw, for 2 h at 105'C ± 5«C. Allow to cool 
and weigh at before. Owck that th. temperature 
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i    «        and relative hu...id'.iy  near the balance have not 
\        changed appreciably  since the filter was weighed 

prior to filtration. 

¡ Carry oert the procedure in duplicate. The results 
should agree within 10 per cent. 

Calculai**» and report 

The suspended matter content is given by the cx- 
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(•1) 

B": 

O 

pression 
X '   lOOOCo- -b) ( 

where 

a  = weigh! ;••'. f. tir ai.d residue, m¡;. 

b •> wacht of futcr, mg. 

c •= ••tane taken for analysis, ml. 

X *> MBpended-ma'ter content, m¿ 1. 

If X is at least 5 an; 1, report to 2 significant fig- 
ure»; otherwise report the result as «less than 

5 mg/1»- 

If rclevunt, that suspended matter formed a 
filtering layer having a pore size smaller than 
that of the filter itself, and that the modifica- 
tion in Note 1 has been used. In this case, the 
two cample volumes should be reported. Slate, 
then, that tho results are approximate. 

Noie 1 
Many effluents from pulp, paper or waltboaid mills con- 
tain minute particles which can block the filter by »d- 
herüiit to the wall» of the rore« thus diminishing the 
pore size. Wli-n thle happen* the filtration tune will t <• 
prolonged and the resets will vary with the samp.- 
volume taken for analvsiH. In this c.se «¡iter two «.im- 
ples one tw.ee the size of the other, but l-tii r»th<r 
¡.mall Rrport the two resulti) end the «ample volume» 
and state that tee results are approximate. 

Noie 2 
Kilters made of cellulosle fibres, such as Schleicher ami 
Schiill 5*9 or Muntiteli OOK. are In common use in mi.i 
control   If such filter» have been used, this ahouid be 
stated specifically. The results shnll then not be reported 
as  being  obtained  In  accordance with   tnl»  standard 
method. 

The report should also state: 

' (a) The time elapsini; between sampling and ana- 

(b) TW »anufacturer of the filter, its pore size 
(whan known) ar.d other relevant information. 

(c) The filtering time, if longer than 1 min. 

Note 3 
A »ultable filter Is «Whatman GF/A>. 

Not« 4 
If the amount of suspended matter U Urge, larger filters 
and funnels may be used. 

C 

7k<* method ha» been jnblUhed in:       y 

Norsk Skogindustrl «5 (1971):12 389—393. (English, Norwegian) 
Paperi Ja Puu - Papper och Trä J J (1971) :12, 735-740. (English, Finnish, Swedish) 
Svenak PappersUdalng 7* (1971) :23, 809—810. (English) 
Bvensk Papperstldnlng 7+ (1971) :24, 645-846. (Swedish) 

PI o! 

r fàuna method» «re is»*««' sw» reoomnxended by Me Central £abor«iertM a/ the futp, **9" •** 
SffOümSX M^Ncwy and Sweden DUtributUm: Secretariat, f«Hrffi«v<M ftl* J-ejwr 
I rettint OmnmUtm, Bern Utk, «-«M« Stockholm, Sweden. 

IMO • 1 • n • J. N. 
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BIOCHEMICAL OXYGEN DEMAND OF INDUSTRIAL EFFLUENTS 

Definition 

The biochemical oxygen demand of an industrial 
affluent it the amount of dissolved oxygen that is 
consumed in biochemical oxidation of organic matter 
under specified conditions (Note 1). 

Scope 

lilis method is designed for application to normal 
industrial effluents containing no other toxic or 
interfering substances than active chlorine, sulphur 
dioxide, hydrogen sulphide or other volatile sul- 
phides, t 

Principie  . 

The pretreated and suitably diluted sample is seeded 
with domestic sewp.se to initiate biochemical oxida- 
tion. Incrgank nutrient salts are added and the 
oxygen content ia measured immediately and after 
an incubation period of 7 days at 20*C (Note 2). 

The oxygen dissolved in the sample is determined 
by adding Ma'* ions, which are oxidized to manga- 
6"se(III))hydroxide, MnO(OH). On the addition of 
potassium iodide and acidification an equivalent 
amount of iodine is liberated and this • titrated 
with sodmm tbJosulphate. 

1. Glass incubation bottles of volume os. ISO ml, 
with ground-in tapered stoppers. The volume 
of the bottles with the stopper insertad should 
be known to the nearest millilitre. 

1 Constant tempersture bath svuotaste to a 
Umptreture of 20.0*C ± 1.0'C. 

Reagents 

Check the quality of all the distilled water u; ed in 
this method as described in Note 3. 

1. Nitrient solutions: 

(>i) Phosphate buffer. Dissolve separately in 
sterile distilled water (Note 4) 6.5 g of 
potassium dihydrogen phosphate, KF;PO», 
21.8 g of dipotassiun hydrogen phosphate, 
KfHPOi, 33.4 g of disodiumhydrogen phos- 
phate, NBJHPO« • 7 H20 and 3.21 g of po- 
tassium nitrate, KNOj. Mix the solutions 
and dilute to 1 litre with sterile distilled 
water. Store in a dark, cool place. The 
solution easily becomes infected and has a 
Short shelf life. Discard solutions that have 
become turbid or that are more than one 
month old. 

(B) Magnesium sulphate solution. Dissolve 
22.5 g of magnesium sulphate, 
MgSO« • 7 HjO in distilled water and make 
up to 1 litre. 

(C) Iron (III) chloride and calcium chloride so- 
lution. Dissolve sepm.tely 0.25 g of iron- 
(HI)chloride, FeClj-6 HtO, and 27.5 g of 
calcium chloride, Cadi, in distilled water. 
Mix the solutions and mak s up to 1 litre. 

i. Seed. Domestic sewage, preferably taken from 
the effluent from the secondary, or alternative- 
ly, the primary clarifier in a sewage treatment 
plant Before use, leave the seed in contact with 
air in an open vessel for 24 to 36 h at 20"C. Take 
a portion from the centre of the liquid with a 
•ipette and filter through surgical cotton or a 

filter (Note 5). 



SCAN W 5 71 -l.'.rí- 

3. Dilti'..on water. Distilled water, free from copper 
ami h.iwnj; .m oxygen contení it ?M'C. of > to 
lu i;it: ¡>ir litre, obtained !>/ bubbling air 
thrciph the water. If compressed »ir is us. d 
for tin- p.i:; ose it should bo purified by filter- 
ing. It ¡nust Dot contain fori t;n sul.stances, 
sath us oil. water or exhaust ¡: isi-s Check the 
oxygen <.ii:;t< nt aadescribed under • Procedure». 

distille»! water li. i 1-litre volumetric f 1 nk and 
make up to »he park. 1-et the »olution stand for 
24 h before v j and store it in a dark, glaas- 
btoppered b< tue Commercially available stan- 
dard solutions of iodine may b« used. 

All   rhi'ii'.H'nls   should 
an:ilvsi> 

be of  reagent (rade   (pro 

t <o 

f. 

r 

4. Sulphuric acid. 0.16 M Add ?8 ml of con- 
centrated H-SO, (p^ 1.84) to ra. 700 ml of 
(•»ti ii'd water and make up to 1 litre. 

f> ;«ji.'!i hydroxide solutiou, 0.1 M 1 j; of NnOH 
p^r i.irc. 

6. ,M»¡ J:.. sui¡ hite solution, ca. 0 0125 M. Dissolve 
1 fi £ of N.v-SQj ¡n distilled water and make up 
to 1 hire. As this solution is unstable, use only 
frmhly prepared solutions. 

7. i\it..si.u;n  iodide solution,  10';,   10  g  of   KI 
l*T   100   I'M. 

* Act!.- .vid, S.7 M. Add 250 ml of giacili 
Cii.t'OOH (p- ¡049) to 250 ml of distilled 
water. 

6. Slanh indicator solution. Dissolve 1 g of 
«soluble starch» in 200 ml of hot dmUlled 
water. Add a small amount (a few milli- 
grammes of mercury (IT) iodide, Hgl:, as a 
preservative. 

10. Alkaline iodide -wlution. Dissolve separately 
500 g of sodium hydroxide, NaOH, and 150 g 
of potassium iodide, KI, in distilled water. Mix 
the solutions and dilute to 1 litre. Add a 
solution of 10 g of sodium azide, NaN,, in 40 ml 
of distilled water. ' 

11. Manganese (II)su]phate solution. Dissolve 480 g 
of MnSOi • 4 HfO in distilled WAter and make up 
to 1 litre. Filter the solution if it is turbid. 

12. Pkesphonc acid, H*P04, concentrated, p « 1.83. 

U i '13. Sodium thiosulphate solution, 0.1 N. Dissolve 
24-8 g of Na:SîOj • ò HjO in distilled water and 
dilate to 1 litre. Shelf-life limited. 

14. Sodium thio3ulphate solution, 0.01 N, standard- 
ised, normality known to 0.0001 N. 

15. Gtacose-glutamiae solution. Dissolve separately 
in distilled water 150.0 mg of glucose, C*H120«, 
and 187.2 mg of glutamic acid hydrochloride, 
CtfUNO« HCl (both substances dried over 
phosphorus pent oxide). Mix the solutions in a 
1-itre volumetric flask and make up to the 
•»ark. The solutioa should be freshly prepared. 

16. Iodine solution, 0.01 N. Dissolve 1.28 g of iodine, 
I, and 20 g of potassium iodide, KI, in 40 ml of 

'G 

Preparation of sample 

Instructions for transport and storage of samples 
are piven in Note 6 
The préparation of the sample is dependent on the 
presen' u and i.»tr.re of interfering substance*. These 
should be elimirutf J as instructed below. Shake the 
samp e  bottie   selore  removing   any part  of Its 
content. 

ray Active chlorine 

Active chlorine is reduced in acid solution by 
the addition of an equivalent amount of sodium 
sulphite. 
To 100 ml of the sample add 10 ml of the 
potassium iodide solution, 10 ml of the acetic 
acid and a lew drops of the starch indicator. 
If a blue colour appears, titrate with the sodium 
sulphite solution (consumption a ml). The end- 
point a indicated by the disappearance of the 
blue colour. 
To a second 100ml sample, add s ml of the 
sulphite solution and, after 10 min, potassium 
iodide solutioa, acetic acid and starch solution 
as above. If the solution turns blue add more 
sulphite (b ml) until the colour just disappears. 
Add to the sample fa 4- b) ml of sulphite 
solution per 100 ml. 

(b) Sulphur  dioxide 

Under the conditions of the BOD determination 
sulphur dioxide consumes oxygen and must 
therefore be removed. 
If the sample contains sulphur dioxide transfer 
a measured volume to a beaker and acidify 
with the sulphuric acid to pH 3 or just below. 
Note the volume of acid used and take this 
into account when calculating the dilution 
factor (see below under «Dilution of sample»). 
Pc ss nitrogen through the sample for about 30 
min by means of a glass tub« to whose lower 
end is connected a piece of fritted glass, or by 
means of some other suitable device for pro- 
ducing small bubbles of gas. 
Check the immediate oxygen demand by titrat- 
ing a known volume of the sample with stand- 
ard iodine solution; 1 ml of 0.01 N iodine 
solution corresponds to 0.08 mg of oxygen. Tbs 
immediate oxygen demand of the final teat 
sample should not exceed 0.1 mg per litre. 

fey Hydrogen   sulphide   sud 
other sulphides 

> Remove with nitrogen at pH S or 
described under (b). 
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If the sampie euatairift suspended material it 
biochemical 
in the teat 
homogeniae 

i Id be deròed whether its 
estygen demand fci to be included 
(Note 7) ¡f it shall be includrd, 
ta« sample in a mixer; if it «hall not, remove 
tac «impended material by sedimentation: shake 
tac »ample and transfer a part of it to a beakar 
ar a flask. Aftar 30 min take the amount ra- 
caured from tha supernatant solution. 
The presence cf suspended material in the teat 
samples may lower the précision of the test. 

M Oxygen 

If the sample coaUuns oxygen in excess of the 
equilibrium amount at room temperature fea. 
§ mg per ¡¡tre )it should be removed by pasaiag 
air through it. 

It no interfering substance» are present, or if these 
have keen eliminated as instructed, dilute the ta rapir 
M described below. 

Dilution of sample 

Although this nxthod covers effluents containing a 
wide range of conceatrations of oxygen consuming 
material the oxygen content at the end of the ia- 
cubatian period X-, should be within 35 to 60 per 
cent af the original value X0, which is 8 to 9 mg par 
litre. The originili (Ample will therefore normally 
have to be diluted, and several «test samples» of 
different dilutions «rant then be prepared from the 
tame original sample. The dilution is expressed ia 
terms of a dilution i actor, d, which is the ratio of 
the volume of the diluted sample to that of the 
original sample. 

m 1 t* **// 
m 

m \  " 
ié 

m -- - 

r*S • 

t 

i i i i • • •   i • i • i • a a ai m m 
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Prepare the test samples as follows 

Bring the samples and dilution water to a tempera- 
tura of 20.0° C ± 1.0-C. 
Transfer to a 1-litre volumetric flask a volume not 
leas than 5 ml original servile, selected to pve an 
oxygen content at the end of 'he incubation period, 
X;, of between 3 and 5 mg per litre. If the dilution 
factor to be used is greater than 200, the dilution 
must be made In two steps. If the sample contains 
large amounts of suspended material use measuring 
cylinders. 
If the approximate oxygen demand of the original 
sample is unknown, prepare 3 or 4 test samples 
having dilution factors forming a series the con- 
secutive term« ri which do not differ by more than 
a factor of 2.5. A suitable series is 1, 2.5, 5, 10, 25 . . . 
(Note 8). 
Prepare each test »ample in a 1-litre volumetric 
Hash. Before making up to the mark add to the 
sample 1 ml of each of the nutrient solutions A, B 
and C (Note 9) and 1 ml of the seed. Check that the 
pH of the solution is between 6 and 8. and adjust u 
necessary with a few drops of the 0.1 M sodium 
hydroxide solution or the 0.0b M sulphuric acid 
(Note 10). 
Perform all dilutions with dilution water. 

Procedure 

To  check  the   procedure   run   3   control   samples 
parallel with each batch of test samples: 

1. A control sample containing 25 ml of seed per 
b're of dilution water. 

2. A control sample containing 1 ml of seed and 
15 ml of  the glucose-glutamine solution  per 

A reagent blank containing 1 ml of seed 
litre. 

per 

The itfcm factor 4 plotted against the 
demand, BOD,. Tita two lines 

af X, ef • and S sag/1, reseeetlvety 
corre sposai ta 

All 3 control samples should contain the normal 
quantities of nutrient salts (Note 11). 
For each test or control sample rinse 5 incubation 
bottles with a small portion of the sample, fill them 
to the rim and insert the stopper. Check that no air 
haa-been trapped in the bottle. 
Place 3 of the bottles in a constant-temperature 
bath at 20.0°C ± 1.0'C for 7d. Exclude light to 
prevent growth of oxygen-producing algae. Deter- 
mine the amount of oxygen in each of the 2 remain- 
ing bottles. Remove the stopper and deposit, at the 
bottom of the bottle, 1 ml of the alkaline iodide 
solution, and just below the surface 1 ml of the man- 
ganala sulphate solution. Replace the stopper, there- 
by expelling approximately 2 ml of the so. ition. (This 
is corrected for in the calculation.) Shake the bottle, 
leave for 5 rain and shake again. Allow the pre- 
cipitate to settle — this will take about 15 min. 
Remove the stopper carefully and at tha surface 
add 3 ml of the phosphoric acid ; replace the stopper 
isjsnsdiatcly ; about 3 ml of solution will be expelled. 
(No correction is required.) Shake the bottle until 
tha precipitate is disaolved. 
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Transfer the contrats of the bottle (Note 12) to a 
titration fusk. Titrate imm«\iiately with Uie 0.01 N 
*H1IUSS tli,t.>u:¿,hair solution. Toward« the end of 
the türmt io ;i add a few drops of the starch solution 
a* an indicator. Calculate the oxygen content from 
the expression 

§000 an 
k-2 

where 

a   ••- volume of sodium thio.sulphnte solution coo- 
SBjmpd by the sample, ml 

ii   <* norn.al.ty of the sodium thiosulphate solution, 
csjuivaient» per litre 

t>   - volume of the incubation flask, ml 

.Y, *= oxygen content, mg of Oj per litre. 

Record the mean  to 3 significant figures as  the 
oxygea content. 

Determine the   oxygen  content in  the   incubated 
flasks after Idi  6 h and record the mean as AV 

Calculation and report 

Calcúlale the oxygen demand from the expression 

POD, - dHXt- X,) - (C, - Ci)i 

when 

Xt " oxygen content in the test sample at the start, 
mg of 0} per litre 

X; • oxygen content in the test sample after 7 d, 
sag of 0; per litre 

C, m oxygen content in the reagent blank ^at the 
start, mg of Oi per litre ; 

Cj = oxygen content in the reagent blank after 7 d, 
sag of 0; per litre 

d  m dilution factor, the ratio of the volume of the 
dSuted sample to that of the original sample. 

BOD; = biochemical oxygen demand, mg per litre. 

Report the result to 2 significant figures. Report 
any pretreatments and if the seed check (control 
sample 1), the standard mixture (control sample 2) 
or tlss reagent blank has given values outside the 
ranges specified in Note 11. 
If 2 test solutions made from the same original 
sample but having different dilution factors give 
different oxygen demands for the original sample, 
report both valu«*, provided that the oxygen eoa- 
sumption lies within the limits specified (35 to 60 
proeesrt of Xt). The difference may be due to poison- 
ing of the seed by toxic components. 

Notai 
The parpóse of a extermination of biochemical oxygen 

ta to meaaura the amount of organic material 
and oxidised by natural aquatic rruero- 

nrcanlMiu (mainly bacteria). Under the condition! of 
the teat, however, several Inorganic compounds or ions, 
for Instance SO,i and Fes», consume oxygen ThtM 
interfering substances are therefore removed before us 
test la started 

Noie 2 
In many countries an Incubation period of B d la com- 
monly applied The period of 7 d specified In this method 
U convenient to* laboratories working a 8-day week. 

Noi« 3 
Distilled water sometimes conmines oxygen. Check the 
quality o.' the water In this respect by determining the 
permanganate number of the water as taken and after 
it has been boiled for 20 min. The method Is described 
In RCAN-W l. If the difference In the consumption of 
0.01 N sodium thloaulphate solution exceeds 0.16 ml the 
water should not be used for preparing solutions or 
dilution water. 

Note 4 
Because nutrient solution A Is susceptible to bacterial 
contamination, «tenliie. the water used for Its prepara- 
tion by boiling fo.- a few minulei. also sterilii« the bottle 
fur storing the solution by heating it to ISO' C for 3 h. 

Do not dip unster.lized objects such as pipettes Into the 
solution. Do not return unused portions to the storage 
bottle. 

Note S 
To avoid infection of personnel, «streme eere saoald se 
«xercueri when A midline th* teté. Rtnsa pipettes and 
other glass-ware thoroughly after each test Do not put 
used pipettes on laboratory benches, but use a pipette 
stand. 

After working w¿ J» the seed disinfect the hands. At th* 
end of each working day sterilise all the glass-war« 
(except Incubatloi bottles). 

Note 6 
Industrial effluents with a high oxygen demand and 
other properties (auch as a high or low pH) that Inhibit 
or prevent spontaneous biochemical processes may be 
stored for 1 to 4 days after sampling, preferably at 4*C. 
Non-sterile samples (containing effluents from paper 
mills, food factories and domestic sewage) should be 
tested as soon aa possible after sampling. Delay due to 
transport and other causae should not exceed 1 day. 
Keep the sample« at a temperature of 4'C 

Noie 7 
Por example, If the object of the Investigation Is to 
study the performance of a biological treatment with 
reg.'-rd to degradable dissolved as well as suspended 
matt rial, suspended material should not be separated. 

Note 8 ' 
In selection of the dilution factors to be applied the 
diagram in Figurm 1 may be used as a guidance. The 
diagram Illustrates the relationship between the BOD7 
for the original sample and the dilution factors to be 
«elected for X1 — S mg/1 sad Jt, - 1 mg/L 

Note 9 
If the number of samples to be analysed Is large It may 
be convenient to use dilution watar containing 1 ml per 
litre of each of the nutrients A, B and C 

Note X> 
If the pH Is adjusts* before the Anal dDutloas, the 
properties of th« sample may be altered; where possible, 
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£ îîiî?t??u ***** «*• preparation of tiw aunóle 
aaould therefore be »«MM. 

Itettll 
Ih« BOD, of the Med (control sample 1) should fall 
»tthla the rang« M te MO mg O. per litre. Control 
ample I aasuid bave a BOD, of 225 mg • 10 mg of 
•ff»»» per »re. A reduction In the oxygen" content of 
•• r*a|«at Mink exceeding o 7 ni« of oxygen per litre 
Mlcatea that at leas* aa* of the reagente la contaminât- 

Urtett 
V a larg« numbi r of bottles nrn tested it may be more 
aanvenlent to u*e the following technique : 

Jrt the neeh of a 100 ml volumetric flask at 
•*•• ** ± ••> ml. Pita a rubber & art et ^n^a y,, 
•a, laven Ute bottle and press the {ranket lato the 
•euta of an Incubation bottle Turn bottle and flaak 
• that the flask fille. When the flask la free from air 
»Mas remove the bettle and transfer the aliquot 
HOI.« ml) te a titration flaak. Titrate with 0.0125 N 

SCANW 5:?l 

•od.um   thlomjlphate aolutlon  as described Above and 
calculate the oxygen content from the expression 

X » 80 n,/ 
where ^ 
«, — normality of the aodluin thloaulphate aolutlon 

equivalents per Hire 
/ = volume of thloaulphate aolutlon consumed, ml 
X --. oxygen content, mg of O, per litre. 

If the normality la exactly 0.0130, the expression reduce* 
to 

X = / 
The  volume of the volumetric flaak la calculated aa 
fol Iowa : 

100 X 130 
l*n_2 ~ 101.8 ml 
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PERMANGANATE NUMBER OF WASTE WATERS 

.; ' 

Definition 
The permanganate r amber of waste waters is de- 
fined as the number cf milligrams of potassium per- 
manganate consumed by one litre of waste water 
under standard conditions of test as specified in 
this method. ¡ 

y 

Principi« 
To the acidified sample is added a known amount of 
potassium permanganate at the temperature of a 
boiling water bath. The consumption of permanga- 
nate is taken as a measure of the content of organic 
matter in the sample. Unconsumed permanganate 
is determined iodometrically. 

Scop« 
This method applies to waste waters and receiving 
waters, or dilutions thereof, containing less than 
300 mg of chioride ions per litre. 

Reagents 

1. Potassium permanganate solution, 0.01 N. Dis- 
solve 3.16 g of KMnO« in distilled water and di- 
lute to 1000 ml. Filter this stock solution (0.1 N) 
and store in a dark botti«. Dilute the stock solu- 
tion to 0.01 N immediately before use. 

2. Sulphuric acid, 4.5 M. Add cautiously 1 volume 
of H,S04 (f> = 1J4) to I volumes of distilled 
water. 

3. Potassium iodide solution, 0.1 M. Dissolve 4.15 g 
of KI in distilled water and dilute to 250 ml. 

4. Starch solutiou, 2 g por litre. Add a few grains 
of mercuric iodide, Hgl,, to the solution. 

5. Sodium thiosulphate solution, 0.01 N. Dissolve 
2*482 g of NaJSjOj • 5 H,0 in 500 ml of distilled 
water, add 10 ml of ¿sobutanol, (CH3) sCHCH2OH. 
and 0.1 g of anhydrous »odium carbonate, Na,C03, 
and dilute to 1000 ml. Normality known to an 
accuracy of ± 0.00002 N. The solution may be 
stored for up to S months. 

All reagents should be of analytical grade. 

Apparatus 
1. Water bath with rack for sample tubes 28 

X 85 mm (Notel). 
2. Sample tubes, 25 mm X 85 mm (Note 2). 
3. Glass rods ca 5 mm X 120 mm, flattened at one 

end and bent at the other to form a handle; for 
stirring during titration. , 

4. Piston burette, 5 ml, graduated in 0.005 ml. 

Préparation of sample 

Analyse the samples aa noon as possible, and not 
later than 5 days after collection. If the storage 
time will exceed 2 days, «tore at 0 to 6'C 
Preserve samplet that might contain a large num- 
ber of bacteria (domestic effluenti, paper mill ef- 
fluents, heavily polluted receiving waters) and that 
cannot be analysed immediately, by adding per litre 
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tí atassie 1 ral of • aetur.iw.i solution of mon ury ( II) 
chiaria*, HgCU Acidify san:,»ler; coutasjiLn;,' i Ululine, 
aydragsu .'.ulfhíd«, milphuí i< dioxide or iron* II) salti 
with a law drops of sulphuric arid and aerate before 
SJiatfaJa. 
Allow Miiples containing easily sediment IHR par 
tides to aetlle for 1 h (alternatively .10 nun) DM 

card Ute »ci! I ment and «hake the solution hefore 
taking • | or: Km for analysis. Any nccesaary dilu- 
tion atoll be made after the nedunentation Sample* 
•at raaairint; sedissaataiioi. »houid be shaken be- 
fore taking a portion for analysis. 

Traaatar a 10 ml portion of the sampèe or a dilu- 
ita taarcoi (Ncit« 3) to a sample tube. Add 0 ,f> ml 
of tat aulphuric aod and 2.0 mi of ta* poLuuuues 
panaaaamnate solution (Note 4). Place the tube in 
a hortatt water bath for exactly 20 min and then 
cool aaaaediateiy in cold water. Add 1 ml of tin- pot- 
aaaiaa iadide solution and, utiin« March aa indicator, 
titrate with «odium thwsulphate lolution until the 
blue eatour disappears. Hun a blank, in which 10 ml 
of diatilied water is used matead of the sample 

Calaaaaon and report 

Garry aut two determinations and calculate as fol 

X «= 31 «0 a c (b   a) 
whan 
a » aaiium thioaulpaate solution consumed in the 

«•ration of the sample, ml. 
a • aaiium thioaulpbate solution conaumed in the 

titration of Ue blank, ml. 

n       normality <>' the sodium thiosulphate solution 
r       ronreritrntu.il of waste  water in the portion 

taken for nimylfm. mbml. 
X •--   permanganate number, nu< KMnO« per litre of 

waste water 
Report the rne¡.r> of the two determinations to two 
sifjnifirant ticuna Keport also the storage time i it 
more than 5 «lays), the time for sedimentation fO 
30, 6(1 mm) and, if relevant, aeration and addition 
of preservative. 

Notai 

The heat rapacity end power of the wain bath should 
be Isrfci enough to «uhuie thai boiling will be resumed 
within 2 mm of the tube« having been placed in the 
bath fcxample KacK for 30 tube«, power of water beth 
2kW 

Note 7 

Kample tubes nie maie by shorttning standard 2ö mm 
v 126 mm test tube.") 

Noie 3 

Dilute water* wit.i a ht[;h permanganate consumption to 
give a permanganate number of ca 10 to 40 mg/1 for 
the dilution, corresponding- to a value for • of ce 0 6 to 
limi 

Note 4 

The use of an accurate dispensing outfit » recommended 
for adding the permanganate solution 
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1 

HYDROGEN SULPHIDE IN WASTE WATER 

.*' 

Scop« 
Thii method applies to all kinds of waste water. If 
the «ample contains sulphur dioxide, the modifica- 
tion in Note 1 should be used. 

Principle 

After acidification of the sample the hydrogen sul- 
phide is stripped off by a stream of ' nitrogen, ab- 
sorbed in an alkaline phosphate buffer solution and 
determined colorimetrically by the methyiene-Uuo 
•aethod (Not* 2). 

•tus 

Apparatus, for stripping off hydrogen sulphide, 
as shown in Figure 1. 
Apparatus, Tor standardisation of hydrogen 
sulphide solution, consisting of a thick-walled 
conical flask, 280 nil, with ground-in joint and 
a separating funnel, 50 ml, with ground-in 
joints (Figure 2). 
Spectrophotometer or filter colorimeter. 

toagenli 
1. Distilled water, to be used for preparation or 

dilution of standard solutions or Rampi«*, freed 
from dissolved oxygen by boUin» and kept cay- 
gen-free by bnbbling nitrogen through the 
boiled water. 
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tgMM X. Apparatu* for standardization 
A and  B   "¡round-:n Joint no. 
C. Orou.id-ln joint no. Í4 
P. Thick-walled entura) flask 

14 

hloric »cid. ro 6 M. Diluir 500 ml of HCl 
m 1.19) with 500 ml of distilled water. 

ption flotation: Dissolve 20.5« g of diso- 
m hydrogen phosphate, Nn HP04 2 H.O, 
I f of sodium hydroxide, NaOH. and 1.6 g of 
•sun hydrogen carbonate, NaHCO,, in distill- 
••ter in a 1 litre volumetric flask and make 
to the mark with distilled water; adjust the 
to 10.5. 

•sulphuric nei'* I. Aùd  25   nil of eon- 
d sulphuric acid, HjSO» (p = 1.84), to 

of distilled water, cool and add 17.5 g of 
ic -N.N-dimcthylanilinc oxalate, 

;,);NC%H4NH:]..(COOini. When the amine 
dissolved, dilute to 50 ml  with distilled 

uric acid, ca. 9 M. Add 300 ml of con- 
ted sulphuric acid, H.SOi (p «= 1.84), to 

ml of distilled water. Cool to room temper- 

lphuric acid II. Dilute 5 ml of amine- 
rie acid I with 495 ml of cm. 9 M sulphuric 

. The solution is stable for at least 1 month. 
(IU)chlorid« solution. 1.2 %. Diasolv« 2 g of 

6 HjO in 100 ml of distill«! water, 
solution, 0.1 N. Dissolve 12.S g of iodine, 
M g of potassium iodide, KI, in 40 ml of 

water in a 1 litro volumetric flask and 

10. 

II. 

All 
lysi 

make up to the mark. Let the solution M and for 
24 h le loif use and otorr it in a dark, glass- 
-stopperrd bottle. 
Sodium Ihiosjlphnte solution, Ü.l N, standard- 
ized. Normality known to an accuracy of 
1  0.0005 N. 
Stanti solili inn, 2 g p(i litre. A • U i u fi w t;r .i 11. -> 
uf riK'M'iii n- iodide, Hgl . lo tur Miiutm > 
NI andai d sulphate M'<l .:..in Hin.T a Ic.v lui go 
sodium bui|>ni(ie uy.itdiit, Na-S It H;U, with 
distillici water and trainier 1.3 g of thrrn. while 
still wet, to a 1 litre vo.umeiric flask. Dissolve 
them immediately m oxygen-free distilled water 
nnd make up to the mark. 

leagcnts híiouiil IM; of aiiHiyiicai grude ipio ana- 
) 

Celibi «bon 
Standardize the .standard solution ns follows: Pi- 
pette 25.0 ml i.t' Ü. 1 N iodine ¡-.olution and ¡ ml ut' 
6 M hydrochloric and into tiic thiiK-wallr conical 
flssk and connect the separating funnel (!•'. .¡¡re 2, 
Kvatuatc the flask thronen the funnel by ie.,ns of 
ft filler pumu, close the slop-cock ned thMotincct 
the pump l'iprite 'lO.O nil ol tnc standard .olution 
into the fuiiiul. suck u down carefully so uiui no 
air is adm.Hed ..nd rinse with about 1.. nil ol 
distilled water. Suck down the rinsing wa'cr into 
the flask. Repeat the rinsing once and the:, shake 
the flask vigorously. Transfer 20 ml of mstilìed 
water to the funnel, open the stop-cock and suck 
down the water ;'remove the funnel. Titrate with 
0.1 N sodium thiosulphate solution using the starch 
solution as an indicator, and denote the consumption 
by a ml. Titrate a blank consisting of 10U ml of 
distilled water, 25.0 ml of iodine solution and 4 ml 
of 6 M hydrochloric acid. Denote the consumption by 
b ml. Calculate the sulphide concentration: 

X *?- 16000 n(b-   a)/c 
where 
a = volume of sodium thiosulphate solution con- 

sumed in the titration of the sample, ml. 
b = volume of sodium thiosulphate solution con- 

sumed in the titration of the blank, ml. 
c « volume of the standi-d solution, ml. 
s =-- normality of the sodium thiosulphate solution. 
X - sulphide concentration ot the standard solu- 

tion, mg of S-" /l. 

The standardized solution should contain maximum 
180 mt, of S- I. Dilute it immediately with absorp- 
tion solution, 1 100, and transfer aliquota of 1.0. 3.0, 
3.0 and 10.0 ml of the diluted standard solution to 
four 25 ml volumetric flasks. Add absorption solu- 
tion to give a final volume of 10 ml. Use a fifth flask 
for the preparation of a reagent blank. 

Mix 10 ml of the amine-sulphuric acid solution II 
and 10 ml of the iron (III) chloride solution. Add cau- 
tiously 2 mi of the mixture to one volumetric flask, 
dilute to the mark with distilled water and shake 
UM flask vigorously. Repeat the procedure for the 
other flasks in the same way. Measure the absorb- 
awy within 5 min — 2 h at 670 nm, uai.ig the rea- 
gent blank as a reference. Divide the reading by the 
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len-tli of ti» co« m centimetres. Plot the values 
obtained sRainst the sulphide concentrations, n- 
pressed as mdliKran.mcs of S? per idre of coloured 
solution and check that the point! lie on • straight 
hue through the origin of ctRirdiaalcs 

Preparation of »ornólo 
Wiici»  sampiior. ado immediately <-«•  4  g of zinc 
•ti-'.iitr.   Zn(CH|tXM))j.2HiO. per  litre of waste 
WlUT. 
Before remo««!; a ¡-.ample for analysis shake the 
»ampi«- licitile vigorously to distribute the zinc 
lulphulc precipitale evi nly uid immediately tnkc mi 
atiqaot lor trsting <-r Jilution. if nor*es.sary use a 
pigici te Willi wide optimi«.;. 
Stampi«* containing larire amount* of sulphide*. KU< h 
as con 1.Misales, »hoi,Kl U- diluted with distilled 
wiitoi  jii.'t before pciiorming the test. 

Procedure 
Alter M linking the sample bottle, pi pot te a volume 
uf : imple not  eseecJuiR -tO ml (Note :U  into the 
tuii.ple container (Figure 1)  (Noie 1). If Hie sul- 
phid.- iniiienlof the waste water i« hmh oily a small 
»ample volume » taken; then add disili.ed water lo 
! volume of 20 ml - 40 ml. Transfer 10.0 ml of 
absorption sohlt ion to the absorption vessel. Assem- 
ble the apparatus, close the stop-cock and transfer 

**a. 7 ml of 6 M hydrochloric acid to the funnel. Open 
(he stop-cock, loosen the absorption vessel for a 
•oment and hold it so that the tip of the glass tube 
li just beneath the surface of the liquid to avoid 
eounter-pris—ri,  thus  ensuring that  the hydro- 
chloric acid runs down into the sample container as 
fast as possible. Close the stop-cock immediately. 
fasten   the sbsorption   vessel  and   allow a  rapid 
current  of »trogen  (ro.   200 nu/rnin)   to bubble 
through the apparatus for 20 min. 
Immediately pipette a volume containing not more 
than 18 ug S*- of the solution in the absorption 
vessel into • 35 »al volumetric flask and add 2 ml of 
the reagent sswturc as described under «Calibra- 
tion». Dilute to the mark with distilled water and 
shake the flack vigorously. Measure the absorbancy 
within 5 min — 2 h at 670 nm with a reagent blank 
as a reference and divide the reading by the length 
of the call. 

Calculation and report 
("airy   out   two   determinations   and   calculate   as 
follows: 

y -de tig » 
where 
,1 t sulphide concentration, obtained from the ab- 

sorltuiiry value anil the calibration tuivr, mg 
of S    per litre uf coloured solution. 

r   •-• volume ot  the coloured solution, ml. 
/   «- volume oí the absorption solution, ml. 
(>  =. fraction of absorption solutioi. taken, ml. 
«  T-. volume of sample taken, ml. 
Y - sulphide concentration, nig of S:   I. 
Report the result to two sif'mficant figure». 

Noie I 
li i li«' vva-te water contain» »iilplilir dioxide the l.ydm- 
i lilonc und Mioutd be replaced by an «cet.a«' liulfer of 
pH 4 0 4.r« iet|ual volume» of 1 M aietle acid. 
CHjCOOH. and 1 M aod.um acetate »olutton, 
CH,COONa> Dlnsolve M) g of ethylenedianiinetetri«- 
acetie ai ia, dtaodtum «alt, C„H„0»NtNaj ?• H.O, per 
litre of m i tute butter «oliition to inaak the line tom 
present in the sample. 

Note 2 
Tin- »tupping "Delation may be excluded if ; 
have rituily «tnjwn Ihul the leiulti olitaiiiisJ 
type of  «ample  arc :ndep*nUeat of  »trippai.; 
case   pipette  a  suitable «ample  volume  Into 
volumetric  flask  and add  the reagents as 
under «Calibration». With organic matter pn 
luting  thi  iron   the prescribed amount ot 
chloride   volution  mifht  be   Insufficient for 
colour development and a further addtt'on of 
6 % iron (HI) chloride solution or the equtvalei 
of Iront l.Dchlorlde must then be 

Jut  t'»U 
with thi-. 

In  thij 
a 25 ml 
riescr bed 
«ent rhe- 
iront 111 l- 
complet« 

J ml of a 
t amount 

Note 3 
To check the apparatus, treat a suitable volume of the 
standard solution as described under «Procedure». 

literature 
1. B-tkgt, P. O.: Anal. Chlm. AcU t(l»33) 2. 120—13». 
2. fletase, P. O. and Bariton, X.: Bvensk Papperstldn. 

7i(l»6»>:23. M4-*sa. 
0    GuMtaftson. L.: Talarta <1DG0):4. tXl— 235. 
4. Quentw. K.B. and Pachmajfr. W.: Vom Wasser 

XXVm Band. IMI, Tí   M. 
5. Standard Methods foi- the Examination of Water and 

Waste Water, Anvrkan Pustte Health Ass., IMS, 
42»   -432. 
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NON-VOLATILE MATTER IN WASTE WATERS 

The dry matter content of waste water is the ratio 
of the Mimas of the driid residue of the evaporated 
•ample to tlii oi ginal volume of the sample, the dry- 
lag having beca carried out at 105*C±5*C under 
specified conditi ina. 
UM reaMue on i .nition » defined as the ratio of the 

of tlM lguited dry matter to the original vo- 
os* the sample, the dry matter having boas 

ignited a* W0*C±25*C. 
Iba loa« oa igaition is the difference between the dry 
•attar «oatent and the residue on ignition. 

This method ia intended for unfiltered samples of 
«tate water having a dry matter content of leas 
tknWgl 

1. Diabas of platinum, quaru or glased porcelain, 
for asuapla volumes of 10 ml —100 oil. 

S. Veatavted drying oven with means for circulat- 
ing tine air, adjusted to maintain a temperature 
of MTCtB'C (Hotel). 

ft. Flaiilrli muffle fumaos, adjusted to maintain a 
tsnasrnture of 6M'C±3C'C , 

Reagent 
Ammonium nitrate solution, 1 %. DL solve 1 g of 
NH,NOj in 100 ml of distilled water. The reagent 
should be of analytical grade. 

Procedura 
Ignite an empty dish in the muffle furnace at 
60O°C + 25°C (Note 2) and allow to cuul in a desic- 
cator. If several dishes are cooled In the same desi:- 
cator, allow a cooling time of 3 h. Weigh the dish to 
the nearest 0.1 mg. 
With a pair of forceps remove large objects, such as 
pieces of bark, that are not actually si pended in the 
sample. Shake the bottle and mea ure into the 
weighed dish a volume of sample la.;e enough to 
produce a dry residue of 15 mg — 500 rag. Evapor- 
ate the water am. dry the rendue for 2 h at 
105',C±5<'C in the drying oven. If the sample con- 
tains spent liquor Increase the drying i ?riod to 24 h. 
If coverai dishe3 are cooled in the sama desiccator, 
allow the dish to cool for 1 h. Weigh the dish to the 
nearest 0.1 mg. 
Place the dish in the muffle furnace and ignite for 
2 h at 600°C± 25'C (Note 3). If the sample contains 
•pent liquor increase the heating time to 4 h or un- 
til the residue is greyish-white. If the ashing is not 
complete, i.e. if the residua contains bliick particles, 
moisten the residue, after cooling, with a few drops 
of ammonium nitrate solution. Evapor, te the mois- 
ture, ignite the residue at 60O'C±25°C for 30 min 
and allow to cool in a desiccator. If several dishes 
an eooled ia the same desiccator, allow a cooling 
Usas of I a. Weigh the dish to UM nearest 0.1 atf 
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CaJcuUtion and raporl 
Calculate »a followa: 

X - 10«(o—c)/d 
Y - 10»(6—eld 
Ä - 10*(a — b)l* 

where 
a ^ mass of dish and »ample residue after drying, g. 
b «= mass of dish and »ample reaidua after ignit- 

ing, e 
c   - masd of the empty dish, g. 
d •= volume of waste water sample taken, ml. 
X = dry matter content, mg 1. 
y «= residue on ignition, mg/l. 
Z •= loaa on ignition, mg/l. 

Keport the result to not more than two significant 
figuren. State the drying and heatiug times used. 

Notai 
If Uie drying oven has no mean* of circulating UM air, 
•vaporate the sample« to dryneaa on a boiling watar 
bath before placing Utem in UM 

Nota 2 
If ih» residue on ignition Is not required, the «lah may ka 
boated in the drying oven at 10S*C±S*C 

Not« 3 
If the dry residue contains fibre« It m»y burn with a 
flame; to avoid this the furnace temperatura should not 
exceed 200'C when the dish Is Inserted, U -* '"* """" 
be raised slowly. 

li 
»t 

O 
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SETTLEABLE MATTER IN 

WASTE WATER 

Definition 
For the purpose of th» method settleabl« matter in 
watte water is defined as the matter that separate« 
on sedimentation undir specified conditions 

Object and seep« 
The test specified in this method fa intended for 
measuring the amount of settltable matter present 
in a sample of waste water. 

Principia 
The sample is shaken and a known volume is with- 
drawn and then allowed to setti« for s specified 
time, generally 30 mia. The supernatant water is 
removed by suction and the remainder is filtered. 
The solid matter so obtained is dried and weighed. 

Apparatus 
1. Imhoff MM (conical vessel of glass) capacity 1 

litre. 
2. Glaas-fibre filters, pora sise approximately 10 

um (Note 1), 55 mm in diameter (Note 2). 
3. Büchner funnels, with an inner diameter to take 

the papar Altera. 
4. Filter pump and filter flask far the Büchner 

funnels, 
5. Drying ovan, adjustable to 1«* C ± 5* C 

Preparation of sámete i 
Remove floating material and other pertieaiata ag- 

glomerates not dispersed on agitating the gross 
sample. Allow this to attain ambient temperature. 

Because some kinds of effluents — for example 
those from krsft mills — are unstable the samples 
should be analysed without delay. 

Procedure 
Agitate the gross sample vigorously and immedi- 
ately transfer 1 litre of the contents to an Imhoff 
cone. Agitate with a glass rod until all air bubbles 
have escaped. 
Allow suspended metter to settle for 30 min. or. if 
this occurs slowly, for 60 min. Withdraw the super- 
natant water by means of a filter pump, taking care 
that-no sedimented matter is lost. 
Dry a filter for 1 h at 105* C ± 5a C in the drying 
oven. Allow it to attain equilibrium with the atmo- 
sphere near the bslance and weigh it to the nearest 
0.1 mg. Ensure thst during this procedure the filter 
is not contaminated by dust. 
Place the weighed filter in the Büchner funnel and 
apply suction. Moisten the weighed filter with s 
few drops of distilled water and check that it fits 
the funnel tightly. 
Transfer the sediment quantitatively to the funnel 
and rinse the cons with 20 ml of distilled water; use 
thia for washing the filter. Rinse the sides of the 
funnel with a few millilitres of distilled water. Care- 
fully remove th« filter from the funnel and dry in 
the drying oven for 2 h at 105* C ± 5* C. Allow to 
cool and weigh as before. Check that th« tempera- 
tura and relativa humidity near the balance have 
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not changed appreciably »ince the filter «u weighed 
prior to filtration. 
C-arry out the  procedure in duplicate. The reaulU 
»hould agree within 10 per cent. 

Calculation and report 
The axoount oí satUeable matter ia given by  the 
espreaaioj) 

where 
a - weight of filter and reaidue, mg. 
b - weight of filter, mg. 
X te aettleable matter content, mg/1. 

The report »hould alao alata : 
(a) The tima alapaing betwaan aampling and ana- 

lysis 
(b) The manufacturer of the filter, ltt pora tifa 

(where known) and other relevant information 
(c) The time allowed for aedimanUtion. 

Noie 1 
A «ultabte Mter la «Whatman Of/A». 

Note 2 
If the »mount of tettleaWe matter la larga, larger Altera 
and funnels may be uaed. 

•*» 

"M 
ThU method hot been publuhed in: 

Non* BkOEindu»tri «6 (19T2). 2. 47    50   (EnglUh and Norwegian) 
îaÏlÏ Puu - Tapper och Trft S | ( 1972): 1. 11- 16. (English. F.nni.h and SwedUh) 
Sven* PapperetMntng 75 (19721: 4, 143-144. (EngliA and SwedUh) 
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MAGNESIUM IN WASTE WATER 

Principi« 
The nun of magnésium «ad calcium is determined 
volumetrically with EDTA solution. In « wpiriti 
tHntion UM calcium is determined, «ad th« «mount 
of magneemm is obtained «a th« difference. 

ReaoanU 
1. Hydrochloric «cid, em. 6 11. Dilute 500 ml of HCl 

(« = 1.19) with 500 ml of distilled water. 
2. Hydrochloric acid, 1 If. Dilute 82.5 ml of HCl 

(• = 1.19) to 1 litre with distilled water. 
3. Standard EDTA solution, 0.01 M. Dry a portion 

of «taylenediamiaetetraecetic acid, diaodium 
salt, C„H.,0,N,Na, • 2H,0 at 80*C over a period 
of I to S days. Weigh 0.01 mole (3.722 f ) of the 
dried substance to th« nearest 0.001 g iato a 1-litr« 
volumetric flask. Dissolve in re-distilled or de- 
ionised water and make up to the mark. Th« 
exact molarity ia 

at       _ °-°* " 
""* " 8.721 

where a is the amount of dry product taken in 
grammes. 

4. Potassium hydroxide solution, 8 M, 450 g of KOH 
par litre. 

6. Buffer solution, pH 10. Transfer 70 g of ammo- 
nium chloride, NH,C1, to « 1-litr« volumetric flask 
and add S70 ml of ammonia, NH, (» s 0.90). 
Dilute to th« mark with distilled water. 

A. Potassium cyanide, solid or solution, 0.3 M. Dis- 
solve 20 g of KCN, in distilled water and dilute 
to 1 litre. The reagent ia poisonous. 

T. Hydroxylamine hydrochloride solution. Dissolva 
2 g of NH.OH • HCl in 100 ml of distillad »«ter. 
Th« nagent ia poisonous 

8. Krioehrome black T indicator. Rub 100 mg of 
l-(l-B74u<osy-lHiaBfcthylaM)4-friti^iHM|mtB«l- 

4-sulphonic acid, sodium sait, in a mortar, with 
20 g of sodium chloride, NaCl, to form a homo- 
genous mixture. Store in a dark bottle, 

9. Cal-red indicator. Rub 100 mg of 2-hydroxy-l- 
•(2-hydroxy-4-aulpho-l-naphthylazo)-3-naphthoic 
acid in a mortar with 10 g of sodium sulphate, 
Na,80„ to form a. homogenous mixture. Store in 
a dark bottle. 

All reagents should be of analytical grade. 

Préparation of sample 
8hak* the sample container before taking each sample 
for titration. Pipette a portion containing between 
0.5 and 5 mg of magnesium (Note 1) into each of two 
conical flasks of 250 ml and dilute to 50 ml with 
distilled water. 
Samples without turbidity can be analysed as de- 
scribed below without further preparation. 
To dissolve any solid magnesium compounds, add to 
turbid samples 2 ml of 6 M hydrochloric acid, heat 
to boiling and cool to room temperature. Neutralize 
the solution with 1.5 ml of 3 M potassium hydroxide 
solution. 

Procedura 
A. Determination  of the sum of magnesium and 

calcium by titration. 
To one of the «amples for titration add 5 ml of 
buffer solution, ca. 100 mg of potassium cyanide 
or 5 ml of the solution, 2 ml of hydroxylamine 
hydrochloride solution and ca. 100 mg of erio- 
chrome black T indicator. 
Titrate with EDTA solution to a colour change 
from wimvred to blu« (Note 2). As the colour 
ehang« I« not iaatantaneous, add the EDTA solu- 
tion slowly towards th« end of the titration using 



p 1 
iOMW 2  67 

a titrated  sample  for  comiwrison.   Record  th» 
U oí EDTA consumed .w b ml (Note 3). 

B. Oarrcc4«ON /or Use caicmm content. 
1w th* second sample add f> ml of pot.ii.siu m 
hydroxide solution awl, «iter .'> mm with ocrasio- 
aai shaking of the flask, co. 100 mg of potassium 
U—nln or 5 ad of tke solution, 2 ml of hydro- 
i ernia im kydrodüorWe solution end co. 100 mg 
et al red indicator. Titrate with EDTA aolution 
h> a colour change from wine red to blue. Record 
tka amount of EDTA eonsuined as c ml 

.\h.n~ 

Noi. 2 
If the water «ample ta »o strongly colmjred a* to mr-sH 
Ut« colour chartfr of the Indicator, prepare UM «ample 
ai follow»: 
Evaporati- 100.0 ml to dryness In a plntinum dtak and 
ash Ih« nx'due !»t STV'C •• Ï.Vr Arid 8 ml ot • M hydro- 
chloric «ria and cvnpnrate to diynesa on ». ft earn bal*. 
DtaaolVf the realdue in ft ml of the hydrochloric acid. 
transfer the sotuti>>n to a 100 ml volumetrie flask, add 
J a ml of 8 M potassium hydroxlda ablution aad diluta 
to the nmrk with diatllled water. Platte two equal 
volume» containing between OS and 6 ma; of magnesium 
Into two ro.ural flasks ¿nd dilute to 00 ml with i  
water. Continue aa described under «Procedures 

0 

and report 
Peli ami • toe magnesium content aa follows : 

X = 24JJ <b — e)*«t»TA  1000/4 

volume of  EDTA   aolution eonaumed  in 
titration A, ml. 
votame of  EDTA   solution  eonaumed  in 
titration B, ml 
molarity of the EDTA solution. 

= votame of asaste taken for titration, ml. 
mg/L 

whole number. 

to be negligible compared 
titration B may be omitted. 

Note 3 
When Uli .Um* water samples containing less than 10 mg 
of magnesium per litre, the colour change for titration 
A Is not sharp. In this caae modify the procedure by 
measuring 100 0 ml of the water sample for each titration 
and addtiiR 1 ml of a 0 1 M solution of EDTA-dlsodtum 
magnesium salt. C,„H OaN,Na,Mg. before the titration. 
Titrate also a reagent blank with 100 ml of distilled water 
Instead of the sample and record the amount of BOTA 
solution consumed aa e ml. Calculate as follows: 

X = 24 M ( » — e — s)af MA . 1000/d 

IViferafara 
1. /»atro«, * and Jtewder, W.: AnaL Cham. M (Ibas):«. 

102«. 
1  Bchwartenbeck, O. and »lascsfca,*. A.: Dia saamkvo- 

metrlsche Titration, rerdlaend Koka, Stuttgart «MS, 
p. 124.1*4. 

i 

I 

is; 
f J OUT): 4, lai—1ST.   (BagUsh and Norwegian). 

eck Tra *f (1MT): 4, 111—«1«. (English, Finnish and 
70 (IMI): T, ta—VO. (BngtJah and Swedish). 

roajaiajnadai by the Central taboratftee i 
Wmn—w sad ftesas». Dftrtbutlon: flsvrttsrisr, 
         l0êitMt90tAttmO,r   

nap, 
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PHOSPHORUS IN WASTE WATER 

Ail method applica to alt type* of wuti inter. 

Principi« 

The cample is wct-eombuated with hydros*» Perox- 
ide and concentrated sulphuric add to coavert all 
phosphorus compounds to orthophoaphatcs. Addltioa 
of molybdic acid producea a yellow complex; this it 
reduced by aacorMe acid to a blu« complex, which ia 
determined eolorimatrically. (Noto 1). 

Apparatus 

1. Glaaa bottles, i litre, with ground-in stoppera. 

a. KJeldahl flasks, 100 ml. 

S. Oombuetion racha with buraera. 

4. Spectrophotoaseter or filter colorimeter. 

Clean all flaaaware to be uaed ia the determination 
with dilute sulphuric acid and rinae with distilled 
water. Do not use detergente. 

Iteagentt 

1. Sulphoríc aeid, 2^ mol/L Add carefully 70 ml of 
HtSO« (p - IM) to 4M ml of distilled water. 
Cool and dilute to 800 ml. 

1 

1. 

Hydrogen *>%He<V 

Sodium sulphite aohitioa, OJ moVL Dwaohw 
•J f of NarfO, in atetillad water sad dimte to 
100 mL 

Pheaot*hthakmisohiUom,l%.D««olv*lgof 
pheadphtsslde tat 100 ml «f ethaaol GbHsOlt. 

ft. Sodium hydroxide aolution, 5 mol/1. Dissolve 
20 g of NaOH ia distilled water end G lute to 
100 ml. 

0. Aeoorblc acid solution. Dissolve 2 g of t corbie 
add,' CsHcO«, ia 18 ml of distilled wat r. The 
solution is stable for one week. Store in a cool. 
dark place. 

7. Antimony potassium tartrate solution. I 'issolve 
3.26 g of K(8bO)C4H«0(. 1/2 H,0 in 1C ) mJ of 
distilled water. 

S. Sulphuric acid, 4JI mol/1, for preparatioi of the 
molybdic add aolution. Add carefully 21 ) ml of 
H#SO«( p - 1M) to 750 ml distilled wat r. Cool 
aad dilute to 1 litre. 

•. Molybdic acid aolution. Dissolve 4.04 g ->f am- 
monium molybdate (NH«)( • MorOM -4 iaO in 
45 ml of diatillad water. Add the solution slowly, 
with stirring, to 200 ml of 4.5 mol/1 si iphuric 
acid and then add 5 ml of the antimonj potas- 
sium tartrate aolution. When stored in a cool, 
dark place the aolution is stable for several 
months. 

10. Standard phosphorus solution, 100 ug t f phos- 
phorus per millilitre. In a 1-litre voiumetric 
flask, dissolve 0.4302 g of dried potas: ium di- 
hydrogen phosphate, KHtP04> in distille i water, 
add 2 ml of 2.5 mol/1 sulphuric acid and make up 
to the mark with distilled water. 

AU reagente should be of analytical grade. 

^remBfafisjfi of inmola 

Analyse the aampla aa toon aa possible e ter the 
aampling. Keep the samples in the glass bot' les with 
ground-in stoppers, cleaned with dichromati-sulphu- 
ric acid and thoroughly rinsed with distilled water. 
Add aa a preservative 2 ml of 2.5 mol/1 sulphuric 
add par Htrs of aampla. 
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CaSbrsion 

Pilote 10 1» «1 of the standard phosphor:s fo'.uti.m 
to H»K1 :r.l in a 1 I.tre volumetric fl.^k Kn>m a bur- 
ette nie.ii'.ire portions of O.fv 1.0. 2 0, II). 10» and 
20 0 ml ..i-onUir.ing 0.5. 1 0. 2 0. 4 0. 10 0 and 20.0 „g 
of ¡>hu.-¡ iwrw) of the dilutrd standard r^unon into 
50 ml volumetrie fi.isks. Dilute with distillili water 
to ca. 40 ml. »iiJ ."> drop» (0.25 ml) .>i the asrorbic 
acid solution, mix. and add 1 ml of the niolvbdic acid 
solution. Make up to the mark with distiued water 
and m.x The solutions contili:-. 0 5. 1 0 2.0. 4 0, 10.0 
and 20 0 nK of phosphorus ¡or 50 nil After 5 n.in 
measure the absorbancy at h.M) nm (Noir 2» in a 50 
mm coli, uaang distilled water ¡is the re'.Vrci.re. 
Den rmn.e the absorbancy oí a reagent blui.ii and 
»uhti.ii-t this value fron, the arso rinne ics of the 
standard sohlt inns. Draw a calibration graph by 
plott-rv -he absorbancy a>:aui>t the amount of phos- 
phorus per M ii.l of coloured .solut.or.. 

Procedure 
A. Ortli.'i humphatc 

To :i 50 ml volumetric tlask transfer a sample of 
not mure than 40 ml. containing less than 20 ug 
of phosphorus (Note 3), and. if neces.urv, add 

, distilled water to a volume of 40 ml. Add 5 drops 
of the ascorbic acid solution, mix and add 1 ml of 
the molybdic acid solution. Make up to the mark 
with distilled water and mix again. After 5 min 
measure the absorbancy, using distilled wutcr as 
the refere«» in the same way as for the calibra- 
tion. With every group of sample« rua a standard 
to check the calibration curve. 

B. TofaJ Phmphorus 
To a Kjeldahl flask transfer a sample containing 
less than 20 ug of phosphorus and add 6 ml of 
2.5 mol/1 sulphuric acid and 2 glass beads. Heat 
the flask and boil slowly until the water has eva- 
porated and fumes of sulphur trioxide are visible 
in the flask. The mixture will now normally have 
a dark colour. Allow to cool for at least 30 s and 
add one drop of the hydrogen peroxide. Repeat 
this procedure until the solution is colourless. 
Boil for 10 min. allow to cool a little, add 1.0 ml 
of the sodium sulphite solution for each drop oí 
hydrogen peroxide and boil for 5 min. 
Allow to cool, add ca. 50 ml of distilled water and 
boil until the volume is reduced to ca. 10 ml. Cool 
to room temperature, add 4 drops of the Phenol- 
phthalein solution and then the sodium hydroxide 
solution éropwise until the solution turns :. faint 
pink. Transfer the solution to a 50 ml volumetric 

flask, rinse the Kjeldahl flask with distilled 
water and adjust the volume to ca. 40 ml; add 5 
drops of the ascorbic acid solution, mix and add 
1 ml of the molybdic acid solution. Make up to 
the mark with distilled water and mix again. 
After 5 min measure the abaorbancy at 880 nm In 
a 50 mm ceil with distilled water in the reference 
cell With every group of samples, run a standard 
to check the calibration curve. 
Prepare a reagent blank and measure its absorb- 
ancy with distilled water M the reference. Sub- 
tract the sbsorbancy of the blank from that of 
the sample and read off the corresponding 
amount of phosphorus from the calibration 
graph. 

Calculation and report 

Carry out duplicate determinations and calculate as 
follows : 

1000« 

where 
a - amount of phosphorus obtained from the cal b- 

ration graph, ug 

b = sample volume, ml 

X » phosphorus content, ug par litre 

Report the result to 2 significant figurât, and valúas 
below 10 ug/1 as "lest, than 10 ug/T. 

Noie 1 
Arsenate and silicate ions also form complexes with 
molybdic acid. To avoid interference from arsenate ions, 
ascorbic acid la uaed as Ui« reducing agent; the reduction 
of the arsenate compi« la alow and still incomplete after 
1 h; by reading the absorbancy of the sample after 6 min 
the interference from arsenat« is kept at an Insignificant 
level. Interference from silicate Ions la obtained only if 
the acid concentration la too low. 

Note 2 
If an instrument for measuring the absorbancy at M0 
nm is not available, it may bo measured at lower wave- 
lengths, though not at leas than «BO nm. The callbmUoa 
must then be carried out at the same wavelength. 

Note 3 
If the sample is turbid, centrifuga or filter K. 

literature 
1. Murphy, J. and Riley, J. 

(1962) 31—36. 
P.: Anal. Chlm. Acta ST 

TUB method ha.i been published in: 
Norsk Skogindustri 27 (1973) :11, 323—32S. (English) 
Norsk Skogindustri 17 (1973) :12, 300—381. (Norwegian) 
Paperi la Puu — Papper och Tra 5J (1973):12, 975—980. (English, 
Svensk Papperstldnlng 7« (1973):17. 693-455. (Swedish, English) 

MOAN tett^f methods are issued and recommended by the Central Laboratories e/ •*• Puss, F*F*r *jf_***r* 
Industrie» ss Denmark, Finland, Norway and Sweden. Distribution: Bserstariat, BeanéimmviÊm Pa*», Papar «M 
Board Testas« Commutes, Box «60«, B-tUt* Stockholm, Sweden. 

i MO • i • n • i. N. 



r 
-163- 

SCANÇlNAyi^N/ULP, PAPER AND BOARD 
TESTING COMMITTEE 

9 

SCAN-C 30 73 
Acttptt* Oclotft 1973 

t4 44 4 44444 4***444 *** 4444**** 4U44UUU 
k~A.« . AN. AM» . NO**«. »WIN . MHMM. . MMN« . NOM«,. »WIMH. M*«*« . WN1AN0 . NotwAT . ,„,„„ . MNM»I«. hNUN». NOI**r . »WICIN 

Sodium content of wet pulp 

var 

DetlaMoa 

Th* sodium content of w«t pulp is attinti as the 
»mourn of sodium thiit can be extracted from a sample 
of DM pulp with hydrochloric acid under specified 
conditio«*. 

Scope 

The method it intended for use in determinine the 
of cooking chemicals left m the pulp after 

operations. It is recommended for determining 
the teas of cooking base metal from one section of the 
mail lo another or to the environment. 

h is designed primarily for the determination of 
sodium in pulps produced by the sulphate process but 
it ia also applicable to pulps produced by other pro- 
ceases in which sodium is the base. With relevant modi- 
fications, it can be employed in the cue of pulps pro- 
duced by processes in which magnesium is the bate 
metal. 

Recommendations for sampling are given in the Ap- 
pendix. They are intended for use in process control. 
especially for th* purpose of reports to various autho- 
rities, but do not form a part of the standardized test 
procedure. 

Priado«» 

The pulp sample is diluted tu a pulp concentration of 
about 2% and acidified with hydrochloric acid. The 
sodium content of a sample of the liquid phase » 
detcrmhud by atomic absorption spectrophotometry or 
name photometry. The dry matter content of the pulp 
it determined gnvimctricalry and the sodium content 
• calculated; it it expressed in kilograms of sodium 
sulphate per metric ton of oven-dry pulp. 

Flame photometer or atomic absorption spectrophoto- 
meter, equipped for the determination of sodium. 

Because small amounts of amali may lead to appreci- 
able errors in the result, ell 

must be thoroughly cleaned with hydrochloric acid and 
distilled wttcr. 

Reagents und cbensicats 
1. Distilled water 
2. Hydrochloric acid. 5 mol/l 
3. Sodium sulphate. Na,SO,. dried to constant weight 

Calibrato. 

Frenare a stock sodium sulphate solution in a 100 ml 
volumetrie flask by dissolving an accurately weigh;d 
amount of sodium sulphate (not less than 300 mg) m 
distilled water. Make up to the mark and mix well 

Prepare calibration solutions by diluting the stock 
solution with distilled water Use pipettes of not less 
than 10 ml volume and measuring flasks of not less 
than 100 ml capacity. Use at least 4 concentrations oí 
sodium sulphate, selected to cover the working range of 
she instrument. Store the calibration solutions in stop- 
pered polyethenc bottles. 

Prepare a calibration graph by plotting the instrument 
reading against the sodium sulphate concentration. 

Recommended sampling  techniques, including  sample 
sites and sampling frequencies, for use in mills with 
various pulp washing systems, arc given in the Appen 
dix. 

The amount of sample, especially a gross sample, re 
ceived in the laboratory is often so large that a smaller 
test sample must be taken. Before doing so, dilute the 
sample with distilled water to a pulp concentration of 
2%. preferably in a plastic bucket. Mix the diluted 
sample by intense stirring. When necessary, disintegrate 
the pulp in a kitchen mixer or, if the sample is large. 
m a laboratory mill. Remove large shives before the 
analysis. While mixing, take the test sample, quickly and 
in one stroke, using a scoop with a capacity of about 
half a litre. Transfer the test sample to a glass beaker. 

•rtSSft 
•7 
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Add 10 m' of the »ydrochVnc »cid and mi» well for 
10 mm I "ci lh» pulp s^ptnsion thioooh a HikVior 

fuawrl fulfil with in 'ishles«" filter paper, tor «jinp'c 
Mankte!' 'UK   of known own ilrv weight 

Colici.i the hltrale m a filter flask and remove as 

miti water »rim the rrn'r» •>'> possible r>> MUIU"I •""'! 
by presure w ,h a thick >.'.':i• > r"<l havm»! J fl.it «"it! 
Was* the ;u. r in the fu;-., tt"n lime «nth <'"> 'nl 
oí disi led w.rer. pressiti.' l e.KÍi turn- w.'h the el.iss 

rod. 
«»movo the rvessed pulp .ml 'he M'er P'<Pt-r f,"m ,t'1' 

fuaacl arni •'•) overnight in .i i!ivnf •-'Vcn at I ^'< 
Plecr then in an desiccator evi i'!n»> to alt:nn room 

temperi'iire Weigh, suh'r... tl.e weight of the filler 
paper »nil no'e the wcieM i>! tt.t oven ilrv pulp < to 

ti»« neares-. i>"' g. 
Dilute the vi'iihmed fíltrate arni washing* so th it the 

sodaum conter is within the i.in¿t tovcrnl h> the 
calearation si'ut.ons. incavine the total volume h Check 
thai Ihc solution is fr*t from hhres and other particulate 
matter Determine the sodium content hv flame photo 
mctry or atomic absorption spectrophotometry, follow 
irif the instructions given hy the manufacturer  of the 

instrument  Check the calibration graph frequently, pre 
fcrahly after each determination 

Cakuiattoa ani report 

, rom the calibration graph read th« »odium sulphate 
content, a. of the diluted filtrate. 

CaK.-ut.itc the sodium content, expressed as the »odium 
sulphate content ol the dry pulp, from the expression 

where 

.V the «odium sulphate content of the pulp, kg/ton 
the sodium concentration  in  the diluted  filtrate, 
mg of sodium sulphate per litre 
the volume of the diluted filtrate. I 
the weight of the oven dry pulp, g 

Kxprcs. the result in kilograms of sodium sulphate 
per (metric) ton of oven dry pulp to the nearest Ul 
kg/ton 

Appendix — Recommendations for sampling 

Ceserai 

Taue recommendations relate to sampling and test» per 
fonacd to determine the washing losses, i.e. the part of 
the sodium added in the cooking process which is not 
rctarned to the recovery system or any similar closed 
system. The procedures must be modified to suit the 
local conditions and therefore no precise instructions 
caa be given. This Appendix is not to be considered 
as part of the standard method SC ANC 30:73. 

It is often difficult to obtain a sample from the 
pemt where the pulp leaves the system; this may not 
be easily accessible or the pulp may not be properly 
mtatd. The sample should then be taken at the first 
accessible point downstream where the pulp is well 
miatd and where a minimum of diluting liquor has 
bea» added 

•ecommendations are given for sampling in various 
types of pulpwashmg systems and for calculating of the 
washing losses 

la the calculation of the washing losses, the amount 
of sodium returned to the system from a Inter stage 
samrid be subtract*! from the amount of sodium found; 
oa the other hand no correction should be made for 
aaaaim added to the system from nn earlier stage or 
(rom the spent Honor evaporation system The precision 
raaaired when deteraajaing the parameters for calculât 
in« the correction aapendi on the relative magnitude of 
«at correction itself, the amount of sodium returned 

should be measured by a technique corresponding to 
that described in the standard method. 

The sampling frequencies and the ample sizes re- 
commended below are intended for continuous mill 
control for the purpose of internal and external ac 
counting. 

The composite samples obtained from a certain 
sampling point within a certain time interval may be 
combined to form a gross sample. 

The recommendations do not cover tests for measuring 
the efficiency of a washing system, for example in an 
acceptance test; in this case a somewhat different tech- 
nique should be used. 

SnmpUag la different palp-«*raufcJag tyitoias 

Continuóla rfife.r.'e r with hi htel wathing 

The washed pulp >« Mown to a Wow-tank. 

Recommended Fani accessible point where the 
sampling point pofp is properly mined, for ex- 

empts, oa the pressure side of the 
pump after the blow-tank. In 
sampling from closed pipelines 
me pulp concentration should he 
less man 4 per cant; tlw sample 
ehowd therefore »at be taken 
tram the blow-line. 

•MM* seaMtsaaabaj » i UM 
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frequency Three consecutive random samples, 
taken •( intervals of at least 5 mm. 
arc combinad lo form a compo- 
site sample 

M A random sample of pulp susprn 
Men should contain noi Ica* than 
23 g of dry pulp and should weigh 
al least I kg. 

A correction mutt be made for 
Mie amount of »odium added to 
Ike washing system upstream from 
MM sampling pomi with washing 
at dihitMN liquor 

D 
washer 

Retnenmcnded 
; point 

; frequency 

size 

Hat outlet from the washer. 

Three consecutive random samples, 
taken at intervals of at tea« 5 
•aia, arc combined to form a 
oampoailc sample. 

A random sample should contain 
not leu than 25 g of dry pulp 
and weigh at least 250 g. 

Canections in A correction must be made for 
the MM amount of sodium added to 

l losses Mat washing system upstream from 
MM sampling point with the wash- 
sag or dilution liquor. 

washing tyutm 

(a) The screw after the last filter. 
(a) The point where the pulp 
leaves the last filter. 

frequency   (a) Frve     consecutive     random 
taken at intervals of at 

S min are combined to form 
a eotnpoaite sample 
(b) A scries of random samples 

across the pulp  web are 
to form  a  composite 

m   order that   the   composite 
anali be representative of 

croas-tectkM of the web the 
should    comprit«     one 
sample per metre of fil- 

fa) A random sample Mintale con- 
lain not leas than 25 g of dry 
pan* mi weigh at least 250 g. 
<•) The Bainole site dipenda on 

of random aamptts 
Each random annote 

be at lout 70 mm by 
»MM* 

Corrections in 
calculating 
washing losses 

Wmtkmg presset 
Recommended 
sampling point 

Sampling frequency 

Sample aite 

Corrections in 
calculating the 
washing losses 

A correction muti be made for the 
amount of sodium added tt> the 
washing system upstream from the 
Sampling point with the washing 
or dilution liquor. The relation 
between the volume of diluting 
liquor and the amount of pulp 
should be known, as should the 
sodium con'ent of the liquor 

In a random sample, the top and 
wire side of the pulp v,eb should 
be equally represented It is there 
fore recommended to remove from 
the filter a fairly large area of 
pulp web and to take the random 
sample carefully from this 

Immediately after the press nip or 
at the point where the pulp leaves 
the press, for example, after the 

Batch diffuser 

Recommended 
sampling point 

Sampling frequency 

Sample size 

Conoctiona in 
calculating the 

Three consecutive random samples. 
taken at intervals of at least 5 
min, arc combined to form a com- 
posite sample. 

A composite sample weighing r.ot 
less than 250 g 

A correction must be made for 
the amount of sodium added n 
the washing system upstream the 
sampling point with washing or 
dilution liquor. The relation 
between the volume of diluting 
liquor and the amount of r>ulp 
should be known, as should the 
sodium content of the liquor 

After the diffuser bin. Provided 
that the stirring in the bin is very 
efficient the sample may be taken 
in the bin itself. 

Three consecutive random samples 
taken at intervals of at least 5 min 
arc combined to form a composite 
sample. 

A composite sample of pulp sus 
pension ahould weigh at least I kg 
and contain not less than 25 g 
of dry pulp. If the samples arc 
taken from a pipe, each random 
ample should be this site. 

It should be taken into account 
whether the washings are recir- 
culated or discharged (to the re- 

) 
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cipient) and whether recirculated 
while water is used foi final 
washing or rinsing of the diMon r 

Sample« frequency 

Displacement in Ji\conimu<>ui Jige\ier\ un.llor non 

It is assumed that the pulp is transfcrtcd tu a hin .ir a 
similar container, where it is washed and drained 

Recommended (a) Hin emptied wth  a  convcvn 
sampling point --   Take the vampe  on  the con- 

veyor. 
(b) Hin   emptied   h>    rinsing 
lake the «ample a'  the first p.»nt 
after  the  bin wheic   pulp  is well 
mixed. 

(a) I ;ve consecutive random 
iamp'e». taken at intervals of It) 
mm, are combined to form a com 
ponte sample If water is added to 
the bin for washing, the intervals 
must be increased so as to cover 
the entire emptying period 
(b) Three consecutive random 
samp'es, taken at intervals of 5 mm. 
are combined to form a composite 
samp e 

Sample si» (»J A composite sample of at least 
1 kg .if wet pulp 
(b) A random sample of pulp sus- 
pensi! n should weigh at least I kg 
and contain not less than 2$ g of 
dry pulp. 

Corrections in It should be taken  into account 
calculating the whether the washings are rccircu- 
washing losses lated or discharged  (to the reti 

pieni)   and   whether   recirculated 
white   water   is   used   for   final 
Washing or rinsing of the diffuser 

Cometió« 
If the pulp is diluted (for example, with white water) 
between the washing system and the sampling point, a 
correction must be made for the sodium content of 
the diluting liquid. The pulp concentration at the samp- 
ling point should be approximately }%. Sampling at 
pulp concentrations below 2% should be avoided be 
cause the corrections will be unreliable, and large errors 

"<«gwy be incurred in the final result. 

Determine the flow of the diluting lio,uid with a 
measurement orifice or calculate it from the difference 
in pulp concentration before and after the point of 
dilution At the same time take a sample for determina 
tum of the sodium content of the diluting liquid. 

torree! also for the sodium added with washing 
liquid obtained from any point downstream from the 
sampling point 

Sampling Iront pipeline« 
1 he sampling device used in sampling pulp suspensions 
in pipelines must be designed to avoid systematic errors 
in the concentration of the pulp sample A fairly hicîi 
rate of pulp flow and a fairly large cross-section area 
of the pulp stream are required Fig. . shows the mam 
principles of a simple sampling device designed to avoid 
plugging and systematic errors In some cases more 
elaborate sampling devices are required; such devices 
are commersially available 

Some devices can be used for pulps of high concentra 
lion, for example, a type which takes out a pulp plug 
from the stream  passing  by   With such   devices  the 
risk of loosing liquid phase to the lower  part of the 
pipe must be observed. 

® 
© -f -ISmm 

Fig. I Device for sampling pulp »uapemions in pipes. 
(A) In order to minimiat the hold-up of fibres the sampling 
tube protrudes at leas» 25 nun imo the pipe and is set at 
an oblique angle. The opening of the sampling tube is cut 
off obliquely. 
(B) Tube diameter 25—40 mm. 
(C) A sampling valve with a minimum of constriction is 
placed in a straight section of the tuba. 
(D) The sampling device should not be placed immediately 
after a bend, especially a long, gentle bend, nor after long 
horizontal straight sections, especially if the pulp flows 
•lowly. 

SCAN letting methods are Issued and recommended b\ the Central Laboratories of the hdp. fmptt emé Borné Industries 
in Denmark, Finland. Norway and Sweden. Distribution: Secretariat, Scandinavian Fulp, Nfstr atte Board Testing Com- 
mittee. Bo* St04. SI 14 $6 Stockholm, Sweden. 
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ENVIROSMENTAL PROTECTION LEGISLATION IN SWEDEN 

New environmental protection legislation went into effect in 

Sweden July 1st, 1969; an environmental protection law, passed 

by Sweden's Parliament on May 28th, and a Royal Ordinance on 

environmental protection. 

The legislation provides comprehensive regulations concerning 

various kinds of environmental disturbances from industrial 

and municipal installations. 

A new government agency, the Environmental Franchise Board, 

has also been established through the new legislation. 

Applicability of the legislation 

The environmental protection legislation applies to a wide 

area. It concerns the use of real estate for various kinds 

of operations that imply a danger to the environment. The 

law make« the following definition o£ these operations: 

"the discharge of waste water, solid matter, or gases from 

land, buildings, or Installations into water-courses, lakes, 

or other water areas » 

•the use of land, buildings, or installations in a manner 

that nay otherwise cause pollutions of water-courses, lakes, 

or other water areas) 

"the use of land, building«, or installations in a manner that 

may cause disturbances to the environment through air pollution, 

noise, vibrations, or light, or from similar causes, if the 

disturbance is not wholly temporary". 

Rules for acceptance • 

An essential section of the law contains the rules stating 

the conditions for allowing certain operations. The basic 

principle behind these rules is that disturbances should be 

provided against in advance as far as is practicable, and 

that in any ease unnecessary disturbance should not be tolera- 

ted. 

The law states that "whosoever engages in or Intends to engage 

*» ••tmtiee that have detrimental effects on the environment 

tato th« protect i v« measures, accept the limitations to 
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his  activities,   and ob   -rvc  the  additional precaution  that 
reasonably may be deemed necessary to prevent or  remedy 

injury". 

The  interpretative rules added to  this general  rule  state 
that the duty to take protective measures etc.  must be judyed 
en the basis  of what is  technically possible.     The operator 
must use the most efficient technical equipment and methods 
available.     Technical  advance must continously be utiliied 
to  improve  environmental  planning  and protection. 

The  rules  also  state  that  the  authorities must give  due con- 
sideration  on   the one hand to  the  characteristics  of  the affec- 
ted area and  the  importance of  the effects of  the disturbance, 
and on the  other hand  the advantages of continuing  the distur- 
bing operations and the  costs  for  the protective measures. 

This means  that  if  there are particular circumstances,  envi- 
ronmentally     detrimental operations may be allowed  in spite 
of their causing serious disturbance.     Such circumstances 
would exist when there  is a clearly established utilitarian 
advantage to society or to individual» in continuing the opera- 
tions, for instance  if  serious unemployment wer« th« alterna- 

tive. 

Advance licensing 

The law requires that an operating license be sought in advance 
} •   for such new industrial and other installations  that will have 

a disturbing effect on the environment.    For certain other new 
installations,  advance -otice to the County Administration  is 
sufficient.      (The categories are listed below) . 

A similar procedure is required for certain changes or additions 
to existing  installations belonging to these categories.    Even 
in cases where a license is not definitely required,  the opera- 
tor is free to apply for one.     If the license is granted,  it 
would then provide the operator with a certain amount of securi- 
ty parallel to that inherent in a court decision. 

The ordinance also states that certain types of sewage may not 
be let out without a license.    The application of this rule 
includes sewage from built-up areas with more than 200 inhabi- 

tants. 
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The ordinance  also provides detailed procedural   rules  for 

the authorities that have  environmental   jurisdiction. 

Licensing authority 

Applications  for licenses  are considered by an  administrative 

authority.     Tho  legislators  feel  that   this  is  a better rrct'.ioc 

to achieve efficiency,   speed,  and flexibility than   judicial 

procedure,   since the  necessary discussions between   tho  appli- 

cant and   the  authorities may  then be  conducted more   informally 
than court procedure would  allow. 

A  special  board  - the   Environmental  Pranchise Board   -  has boor. 

established  to  deal with  licensing.     To   a certain   extent,   it 

has eoart  status, but   it should rather be regarded  as an  im- 

partial arbit-al tribunal.     The Pranchise Board consists 

of a President  and three more members.     The President rust be 

learned  In  the   law,  one member is  a  technical expert,   one mem- 

ber must have   "experience   in matters belonging to   the  competen- 

ce of the national Environment Protection Board"   and  tne  fourth 

mesber suit have  "industrial experience".    When  in  the Presi- 

dent's opinion  the matter under the Board's consideration con- 

cerns Municipal affairs,  the fourth member should  instead b-? 
one with swnicipal experience. 

The deci «lor s of the Franchise Board may be appealed to the King 

in Co»cll.     Reconsideration of stated rules and conditions is 
also possible to a certain extent. 

Dispensation 

Thers is, however, no definite obligation to apply to the Franc» • 

hise Isereì.    The National Environment Protection Board, and in 

•one otee« the County Administrations, may consider individual 

applications for dispensation from the obligation to apply to 
the Franchise Board. 

The legislators have intended ths consideration of applications for 

dispensation as an tssentlal part of the new system.    When dea Ime: 

with seek an application the national Environment Protection Doard 

must conduct negotiations with tht applicant to try and establish 

what conditions must be met with before ths applicant may start 

operatic«*,    A dispensation diffsrs from a license in not being 

legally binding.    It may be recalled if necessary.    However, a 
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dispensation cannot be granted until  careful   investigations 
have been made.     The dispensation decision will  also  include 
directives  regarding  precautionary measures.     In practice, 
dispensation will  imply a safeguard to  the  interests of the 
applicant.    A decision to grant dispensation may not be appea- 

led. 

Inspection 

The environmentai.ly protective duties of the authorities are 
not limited to such matters as the scrutiny of applications. 
The authorities must also engage in tracing such cases where 
further action is necessary,   inspect sources of disturbance, 
and supervise compliance with the regulations.    The central 
supervision is the duty of the National Environment Protec- 
tion Board,  and the local,  continuous supervision that of the 
County Administrations. 

When the case arises,   it is the first duty of the authori- 
ties to try and effect a voluntary adjustment.     If these ef- 
forts are not successful/  the authorities have such tools at 
their disposal as a request to the Franchise Board to prohibit 
continued operations or to wake a number of precautions manda- 
tory for continued operations. 

Court Procedure 

The basis for environmental action by the authorities  is main- 
ly to safeguard public interest, but private interest must also 
be taken into consideration.    The legislation includes rules 
regarding procedure for dealing with private claims against 
environmental disturbances.    A private individual may sue 
the poilutor in a real estate court, demanding prohibition 
against environmentally dangerous activity or a ruling estab- 
lishing compulsory precautions. 

The real estate courts also handle damage claims arising from 
such cases. 

Responsibility 

Violation against several of the rules in the new law are 
punishable by fines or a maximum one-year prison sentence. 
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Appendix A: 

Industrial and other installations for which a license  is **"" 
necessary 

1*    mines, dressing plants; 

2. sintorlng plants,  iron works,  steel works,  ferroalloy 
plants; 

3. metal works, metal refineries? 
4. metal surface treatment plants; 
5. cement factories; 

6. plants manufacturing l~me through burning shale; 
7. mineral wool factories» 

8. mechanical pulp mills,  paper work«,  chemical pulp 
factories,   fiberboard factorías»   ' 

>.    sugar factories; 
10. starch factories; 

11. dairies, powdered milk factories, ice cream factories; 

12. . abattoirs, meat-packing plants, refuse incinerators; 

13. fishmeal factories, fish-oil factories, fish-refininc 
and canning factories; 

14. refining and canning factories fo*- vegetables, root 
vegetables, fruits, berries» 

15. »argarin factories; 

16. yeast factories; 

17. bone meal factories, hide glue factories» 

18. breweries, malt factories; 

19. textile refining plants, textile dyeing plants, wool 
scouring mills; 

20. laundries with a capacity exceeding 22000 lbs (10000 kilo- 
grams) per twenty-four hours» 

21. tanneries or other plants for dressing of fur skins» 

22. factories producing staple chemicals» 

23. fertilizer factories» 

24..   factories producing plastic«, synthetic fiber«,  «ynthetic 
rubber» 

25. rubber factories» 
26. carbon black factories» 

27. pharmaceuticals factories» 

28. gunpowder factories, explosives factories» 
29. oil refinería«, fat refineries) 

30. factories producing dyes, resins, varnishes, solvents» 
31. _ detergent factories» 
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3?. 

33. 

34. 

35. 

36. 

37. 

38. 

factories  prod^ii-iff rest  a-iu   :naect   control   chemicals. 

nuclear power plants> 
steam power plants and other plants using fossil fuels 
and with a power input exceeding 50 megawatts} 

coal gas works, plants for production of town gas from 
naphtha} 
plants for the treatment or disposal of refuse if the 
refuse input exceeds 50 (metric) tons annually, plants 
for treatment of oil refuse or other special refuse» 

animal breeding plants with space for over 1000 slaughter 
hogs or over 10000 poultry} 

plants for the drying of animal manure. 

Appendix B 

Emission dispensation  requirements   (water) 

The follov/ing  five categories of sewage  from grounds, buil- 
dings, or installations, may not be discharged into water- 
courses,  lakes or other water areas or into sewage disposal 
systems of other owners, without previous permission from 
the Franchise Board or a dispensation from the Environment 

Protection Board: 

1. sewage from built-up areas with more than 200  inhabitants, 
or fro* barracks,  hotels,  hospitals,  or similar installation.' 
intended  for the use of more than 200 people} 

2. juices squeezed in silo plants} 
3. urine from animal byres; 
4. whey  (but not as spillage)} 
5. .metal surface treatment baths,  or concentrated rinsing 

fluid from such baths. 

'Appendix C 

Industrial and other installations requiring advance notice 

to the local County Administration 

1. foundries} 

2. cable works} 

3. crushing-mills, macadam works, stone-works} 

4. asphalt works, oil gravel works» 

5. plants for production of lime or lime products» 

6. chalk works» 

7. plants for production of mineral construction materials» 

8. rock pits, stone pits, gravel pits, sand pits» 

9. china factories, glazed tile faotories, potteries» 

10. glass factories» 



-17 V 

11. wood impregnating plants» 
12. pre-checked food factories,   smoke-curing plants; 
13. coffee roasterles» 
14. distilleries; 
15. soft drink factories; 

16. plants for impregnating paper materials, plastic 
materials, synthetic fiber materials; 

17. plastic products factories; 

18. electrode coko factories, graphic factories, graphite 
electrode factories; 

19. filler factories, pigment factories; 

20. acetylene gas works; 

21. laundries with a capacity exceeding 2200 lbs (1000 kilo- 
grams) per twenty-four hours; 

22. waterworks serving more than 5000 people; 

23. gas turbine power plants; 

24. salvage dumps, plants for scrap handling; 

25. plants for centralized collection of oil refuse and 
. of other special refuse. 

i 
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