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STRZAM POLLUTION HAZARDS OF WOOD FULP MILL EFFLUEWTS

By B. A. Westfall, Ph.D.,
Formerly Aquatic Physiologist, Branch of Fishery Bioloegy

Introduction

In the United States the production of wood oulp which started with
a few ground-pulp mills in the northern forest areas has grown into one
of the Nation's major chemical industries. An increasing demand for paper
and wood=-pulp products resulted in the development of several chemical
processes wnich gave great impetus to wood opulp production. Although
these chemical operations, particularly the sulfite process, increase
the efficiency and the output of the pulp industry, they have brought
with them wastes which present difficult disposal problems. Following
the precedent set by other industries, thess wastes in many cases hrave
been flumed into streams and serious pollution conditions have resulted.

Nlth the development by industrial chemistry of commercial rayon
and cellophane plants a still greater iemand for wood pulp has been
created in the past few years, so that the »Huln industry is now exraniing
into new locations. These new puln mills are economically veryv desirabdlc,
but they have magnified the struam pollution problem because of tho in-
creasingly. larger volumes of chemical efflusnts for which the pulp industry
must find an outlet, '

As there are Sﬂv=ra1 tyves of Dollut*on hazards presented bty the
pulp mill effluents and as some of the effscts of these wastes are
cumulative rather than immediate, the detrimental action of tjase pulp
effluents on fish and other aquatic 1life cannot be measured by any single
standard. Consequently in this memorandum the d>tails of the hazards
to fish life produced by the s°VPral kinds of wastes from puln mills
are reviewed individually.

In presenting the major pollution hazards which may be expected
when wood pulp effluents are introducsd into strsams ani other waters,
average conditions are discusssd. Industrial processas are not fixed
entitiss, howev:r, and the details of individual plant procedurss not



only vary but are changed frequsantly in the interest of efficiency
and economy. Consequently specific applications of these statements
of hazards can only be made when: supporting data on both local strcam
conditions and the opcrations of the concern in qucstion have been
considerei, as wood pulp effluents are not uniform 1n composition,
concentration, or in degree of detrimental aﬂtlon..

'ETHCDS OF WO0D PULP PRODUCTION AND THEIR WFFLUENTS

Four processes and various combinations of those are used cur-
rently in the production of commercial wood vulp, and thu effluents
dirfer accordingly. -

Grouni Wool Pulp

Ground wood pulp is made by pressing logs against revolving
grindstones, a stream of waterwashing away the pulp and depositing
it on screens., The waste water from this process carries some pulp
and wood dust which passes the scresns and varying amounts of the solu-
ble extractives from the woo: depending upon the quantity and tempera-
ture of the water used, the kind of wood being ground, and the previous'
troatment of the logs, i. e. whather they were steamed, soaked or dried
before grinding. Even though this m2thod usually includes no extensive -
addition of chemicals, the aqueous solution carrying extractives from
such finely divided woods, espoecially of pine, is often somewhat toxic
to the squatic organisms coming in contact with it.

Soda Pulp

Soda pulp is producsd by digesting wood chips in a strong snlution
of caustic soda, the process being ezpedited by the use of heat and
oressure. The pulp is recovered on screens from a strongly alkaline
brovnish liquor of high specific gravity containing a large number of
organic compounds derived from the disintegrsted wood. The soda liquor
wmiich always contains some unrscovered pulp is therefore a mixture of
very variable composition depending upon the kind of wood as well as
npon the duration of the digestion perioed, the strength of the alkali
and othsr factors. As a large percentage of the soda liquor'is recovered
at the plant (at least 95 percent, Witham, 1942) the .effluents from soda
pualp mills are chiefly alkaline wash waters carrying varying amounts of
4iluted soda liquor containing extractives from the wood together with
such pulp as is lost through the scrsegns.

Sulfite Pulps

Sulfite pulps cre obtaincd by the action of lime and magnesia
bisulfites on wood chlps in the prcesence of excuss sulfur dioxide in
solution, aided by hsat and pressure. After recoviering the pulp on
scruens a strongly acid fluid remains which ineludes in its large and
viriable list of componsnts the disintegration products of the wood



many of which are sulfonated, several types of sulfur compounds,: some
pulp, and 2 large amount of extractives. Although some of the sulfi

liquor is reclaimed or otherwiss used at prescnt, the ¢ffluents from
sulfite mills include the sulfite liquor, various wash waters used in
removing the sulfite liquor from the pulp, a large amount of wood ex-
tractives in solution and always some pulp.

Sulfate Pulps

Sulfate pulps used in the manufacture of the Kraft papers are the
products of a process which combines some of ths active agents from
both the soda snd sulfite processes, as 1nconp19tC¢y reduced sodium
sulfate (salt cake), i. e., a mixture of sodium sulfate, sodium sulfide,
sodium carbonate =snd sodium hydroxide together with variable quantities
of the complex sulfates and sulfites, is used as the digestant for the
wood chips. After rsmoval of the sulfate pulp a waste fluid called
"black liquor" remairs which is =2lkelinc in rezction and carries a
variety of compounds some of them sulfonnted, rosulting from the dis-
integration of the wood in the digestzr. Since Kraft pulps 2re ususlly
not ccoked out as complutely as sulfite pulps, the organic content of
the black liguor is generally not a2s high as that of the sulfite liguor,

%

In centrast to the sulfite procsss, the waste from the sulfate
nrocass docs not contain nearly =2s 1arg¢ ~ purcentage of organic mntasrial
and chemienls, for the rscoviry of h:qt ergy and chemicals from the .
spent liquor by evaporation arnd burning is one of the outstanding fenturss
of the sulfoits mothod. In fact W1+ham (1942) r fers to various types of
rucoviry systems which save 95 parcent of the chemicals or in some cases
even morz. Sutermeister (1941) considers & loss of 40 pounds of salt
cake pir ton of fiber vroduces an indication of supsrior op:irating con-
ditiomns. lthoug: the psreentags of chomicals and extractives lost 1s

elatively small, the load entering the stream via the waste from the
plont, wher aundreds of tors of pulp arc produced daily, can bs guite
lorge indsed.
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EFFECTS CF PULP MILL EFFLURHTS O AQUATIC .LIFE

The 2ffluents from all of thz vrroecsses enumerated are damaging to
aquatic life becauss of the oulp fibers which are lost, the oxygen demand
of thz unstable compounds livernted from the wood or produced during the
operations, and the specific toxic action of various substances.

Blanketing Effect of Wood Pulo

The irtroduction of wood pulp into strzams and other watsrs, and
all pulp mills lose some pulp, is dengerous to cgquatic life largely
becnuse cellulose fibers do not disintegrote rapidly in the water and
thorefore accumulate, covering submirged objoets and blanketing the
stroam floor. These lay:rs of wood pulp decrcasg the productivity of
the stream by smothiring out large numbzsrs of food organisms, by cover-
ing spawning beds, ond by harboring undesirable fungi snd bactoria,



Vnllin (1939) emphasized that fibers collect slime and detritus and
dostroy the bottom life on which fish subsist. As pulp fibers readily
mot dovm with silt and sewage, wood pulp also greatly incrzases the '
pollution hazards from these sources.

Ezperimcntal work has shown that healthy adult fish of several
spzcies may survive in suspensions of wood nulp for 20 days or more
without apparent damage if the gill action of the fish is good. These
tests have besen offured repeatedly as showing that wood pulp is not
injarious to fish life. It has also been esta 1blished, however, that
voung fish often become hopulessly entanglsd in mats of wood pulp, and
thet the gills of both young snd adult fish are speodily clogged with
wood nulp fiber if the fish is incavaciteted even for a short tlme or
weakeneld,

It has 2also been pointed out that wood pulp is readily carrled .
away bv current action ir rapii streams. This is true, but U, S. Fish
an+d Wildlife Service ficld parties working in Msine and other parts of
the country found that wood pulp, although very largely washed away from
the irmzdiate vicinity of flumes cntering streams with strong currents,
was deposited in slack watsrs somatimes 15 to 20 miles downstream from
the point of entrance, In thise quietcr portions of the rivers not only
was the stresm floor covered with pulp fibsr but near the coast where tidal
action and brackish water aldiel fuctors which complicated the stream flow
layers of dense pulp suspensions filled the peools anl lower portion of the
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strzam bel for a vertical distance of 3 to 6 fest above the river floor.

Both field and experimental datd show that in general, the detri-
mzntal offects of woo?l pulp on stream conlitions as a whole and therefore
on the productivity of the stream have been under-estimated chiefly be-
caus2 the fibers do not kill adult fish immediately. Fortunately wood
pulp is the sileable product of the opulp mills and the pulp industry has
r:alized the erormous loss which it formerly suffcred through the un-
r:claime? pulp in the "whitewater". Less pulp is lost each yvear but it
shoull be rersmbered that owing to the cumulative build-up of pulp de-
posits very small amounts of pulp if supplied contlnuouslv can ultimately
croluce ssrious damage to fish life in almost any stream

Reduction of Dissolvel Oxygen in Strzem Watﬂ

The liqui? portions of pulp mill effluents carry various unstable
ar. T unoxitize i compounls (largely organic substances leachel or chemically
'Issolve! from the wool luring ths proluction of the pulp) having high
oxygen lemands. These substances reaily remove the dissolved oxygen from
the waturs of streans receiving pulp wostes so that aquatic life in strsams
thus pollute1 may face conlitions ranging from unfavorable to asphyxial as
regards the lissolvel oxygen. This importance of the oxygen iemand is well
known to the oapoer in ‘ustry (Technical Associetion of the Pulp ani Paper
Intustry 1943) ani to aquatic biologis ts.



Seviral factors l2termine the ranility of ths reaction of thoze
compounis having hizh oxygen leman! with tho .lissolve! oxyzen in the
stream water but analyses male in M2ine an'i Wisconsin show that znifite
liquor as taken from the ligesters of wooi-pulp plants oporating in
these states has an avarage one-'ay oxygen -demarl of aporoximatuly
1,500 parts per million, although many samples run ruch higacr (uo to
8,000 p.p.m.) an?! others much lower. Using this gross averags value
of 1,300 p.p.m, for a one-‘ay ozxygen lemand, it may be sesn that sulfite
liquor coull pro wece very ‘isastrous 2ffects on fish life through ths
rsduction of the l!issolve: oxygen if pourel into stroam wators, sinco
the aviraze lissolvel oxygen content of str.ums supporting ©ish life in
the Unitel States lies betwszer 4 an'! 9 p.p.m. an! a reiuction of the
lissolved oxygen to & v.p.m. nroluced coniitions not only unfavorable
but approaching the critical for many fishes. Actual tests and fiell
observations have shown that unler sverage coniitions a dilution of
sulfits liquor to 1:200 in the stream is usuelly sufficirnt to ncot the
oxygen -Aeman’ of this wrste without loworing the lissolved oxyyen of the
strzam to a critical point, oroviie! aiequate mixing is assurel,

Comparing the four types of pulp efflunts, sulfite liquor usually
has the highest oxygzen ‘ismant, Sulfate blaczk licuor anl the alkaline
soda liquor gererally have loss oxyger ideran? than sulfite ligior ant
ground woo! nuls effluent although sometimes having an oxyvg:in leman
equal to 10 nercent of that of sulfite liguor rmay run as low as 2 prreent
or less in relative oxvgen lesmen i, Ths pronmortion-tely low owvesn Acran’
of grouni woo? pulp water is not surgrising whor it is roromtorel thnt re
chemicals are used in this prociss. Thess comp rotive valuces ~lthcusgh
giving some ilea of tho relative magnitule of the oxysea “ermands of the
four major pulp efflucnts must be used with cautiorn sinesz so many varia-

blcs are involved,

Toxic Bffects of Dissolv=? Substances

The spocific toxicities of the four rajor types of puln sffluints
are consiicrsd separately because of Jiffercnces in reaction un’ cheri-
cal composition.

In iiscussing the lethal concentrations of these efflurnts the
Ailutions are alwnys expresss) in torms of the unmized liquil wastes as
irawm from the digester. As has been pointe’ out repeate ily, howiv r,
even digestor liquors arz not constint in corposition an! as stveral at
lenst of the known toxic components of thes2 wastes are volatile, through
seration und haniling of samples lrawn lirectly from the same ligoster,
it is possible to obtain wile varistions in the appar.nt toxisity of
liquors from one rur. of pulp. Consequently, the avor-ge wvaluss given
can onlv be used to estimate the sxpects ! magnitule of toxicity. It
must bevrnmenbered, also, that the oxyvgsn ioman ! cf the waste anl its
specific toxicity are inlepunilent veriables, Ozypen leman ! carmot b
usz ! as an in‘ex of oven relative toxicity sincc scrme of the rmost toxice
componints of these wastes o not rroluce any oxvgen leren !,



Groun1 wool pulp waste.--The iissolved substances in ground wood
pulp waste waters vary greatly with the kind of wood, but since only
water is used in the process anl the logs are peeled before griniing,
thess efflusnts are usually low in specifically toxic substances, and
if the pulp fiber hazards are eliminated by proper screening ani the
oxygan demanls of these waste waters are met by alequate dilution ground
wood1 pulp watsrs present little in the way of pollution problems from
toxic constituents. These statements, however, 4o not apply to the
steepings from bark nor the leachings from logs which are pre-treated
with steam or boiling water. Soms confusion has arisen concerning the
toxicity of grouni wood pulp effluents becausc grouni wood pulp mills
maintain subsiliary divisions in their plants which use bark or which
speeifically treat some kinls of logs. ™astes from these particular
processes, which sre not of course pulp processes, are often very toxic
to fish ani other aquatic life either alone or when mixed with run-off
waters from the pulp grinling,

Sulfite liquor.--Sulfite liquor is strongly aci? and if large quan-
tities of the digester liquor be poured into the stream, fish in the im-
meliate vicinity of the outlet may be killzd by the hyirogen ion effect
of this effluent before it is Ailuted ani buffercd by the stream water.

It is 1ifficult to state where the Jdominant effect of the acils in the
sulfite liquor leave off aril the more speccific effects of other substances
in this waste begin, but in concentrations more acii than pH 6 acidity is
at least a contributing factor to the lcthal action of sulfite liquor. If
this waste is neutralized, however, it still retains its toxic properties
so that the containel acids are only onc group of toxic ingre iients.

Exvperiments corried out by various observers ani at U. S. Fish and. -
Willifs Service laboratories indicate that the maximum cencentration of
salfite liquor, i. e., full strength as drawn from the Adigester, in which
if the lissolvel oxygen is properly maintained warm water fish will survive
for 10 to 20 ‘lays, is betwcen 1:200 and 1:500. Trout an1 other col l-watar
fish un‘er the same coniitions succumb in = few days, howcver, to a concen:
trotion of 1:1,000. These figures give the general range of dilution re-
guir2? if immedizte injury to fish fauna is to be avoiled.

It has been noted repeatedly, however, that . both the fish fauna ani tl
foc ! crganisms gradually deccline in streams carrying much less sulfite liqu
than iniicated by the above dilutions. These observations'suggest that the
ars cumulative effects from prolonged exposures to, even very small quantiti
of sulfite liquors. Recent experiments have confirmed this conclusion, as
sirious chronic effects on various internal organs of fish have been found.
following long exposures to low concéntr-tions of sulfite liquor. Althoug!
no maxinal non-harmful concentration for sulfite liquor can be stated Adefi-
nitely at this time dilutions as high as 1:100,000 are known to have pro-
lucel lefinite lamage to warm water fish.

Sulfate waste.--Black liquor or sulfate waste is usually quite alkalir
and if pourel into streams in quantities large enough to raise the alkalini




of the wnter to pH 8,7 or above, has a Jlefinite hylroxyl effect. This
waste is lethal -only in strong concentrotions (Liebranr, 1941). The
alkaline substances in the sulfate wastes, however, act synergically,
particularly in lamaping the gills and other structurss sccreting or
coverel with mucous, with other toxic agonts in this liquor even at
hylroxyl corcentrations which are orlinarily tolsriatedl by fish., As a
result, injuries produced by exposure tc very diluts black liquor may
leal later to the death of the fish from other causes which can strike
through the weoakonel or demaged part.

Comparatively, the sulfatc liquor is more toxic in its immediiats
affects than the sulfite liquor (Vallir, 1935), In the Fish end Wiiillife
Service laboratories, concentrations of the sulfats liguor of 1:500 to
1:1,000 are lethal for some warm water fish in less then 10 lays sven
when proper provision is made to meintain a suitable amount of issolved
oxygen. Both fizld anl laboratory work show that continued exposurs to
small quantities of sulfate liquor proluces cumulativs eff:cts in fish
and various fool organisms. Again it 1s imoossible at this time to statse
definitely the maxzximal non-hoermful concentration »of this wasts but interrsl
systemic dsrangemonts havs bzen obsarvel in Cish expose? to 1:1C00,200 1i-
lution of sulfate liquor and it secus probable thnat cven smaller quentities
of sulfute liquor may have serious effacts on fish 1ifs through cunulative
action,

Sola pulp waste.--Soia pulp woste as far as tested srems ahout mil-
way between sulfate and sulfite wastes in imme linte toxicity, if the ~xeoss
alkalil bs ncutralizel. Samples of this allalin. waste stulizl have carrisd
less volatile toxic material than sither of ths other two chemical pulp
wastes., At prasent little can be said concernirg the cumuletive action of
sola pulp waste, but streams which havs r-oceivel cven smill quantitiss of
this effluent have shown the same Jecreasz in fuuna anl proluctivity chor-
acteristic of streams vpollutecd with the other chemical pulp wastes. For-
tunately littls soda liquor is lost, '

Accessory substances.-=Two other pollution hazaris must be noted
bscause they scmetimes complicats tha intorpretation of the dangers of pulp
mill effluents. XNany pulp plants bleash their pulps, an?! free chlerine
together with various chlorina bleaching powilers mny be foun! in the ¢fflu-
ernts from these mills, Free chlorine is highly toxic to fish, 1 o.p.m. or
less being lethal for many werm water fish, an? much lowsr concentrotions
are Jdetrimental to various foo'l argmnisms. In 2:ition chlorine may form
chloramine in the pressnce of certain ammeniccal compounls, which is even
more toxic, as 0,06 p.r.m. of chloramins can kill trout unt C.4 pen.m.
warm water fish,

Some mills manufacture both pulp »nil vapsr, an’' the sulp is treatad
eithecr before or after calen lering with verious fill-rs, sizings, cat-
ings, and even dyes. MNany of these substances are highly toxic to fish,
an?d as the waste watars from such plants may carry any or all of these



pulp-processing materials the effluents from pulp mills which also manu-
facture paper often prassent pollution problems quite different from those
deseribed for pulp wastes alone.

Odors

well known that wastes from paper mills have characteristic
lors. In fact, Jarnsfelt (1936) working with the effects of
rs from cellulose plants on plankton and salmon found that thsre
was o toste in the flesh of the fish exposed to the waste, which he attrib
utes to turpentine matcrial from the waste waters., Furthermore, when ths
proiucts from paper mills gather, stagnate, ani disintegrate along the
bottom below the paver mill, the fishes caught in these areas often have
a2 taste similar to the cidor of the paper mill.

SUMMARY

The hazarlds to fish and other aquatic life from pulp mill effluents
nayv be brisfly summarizeld as follows:

(1) Locse fiber pollution, producing mats on the bottom of the
strecam and on submergel obiects, with resultant -estruction of fish,
fool and spewning groundts, anl lirect damege to ths fish themselves.

(2) Imrmsdiate toxic effocts prolucsd by the wood extraetives,
Asintegrating substancss and chemical waste proiucts contained in
ths eront liquor from the digesters and in the wash watsrs..

(3) Poluetion of lissolved sxypen in the stroam water becauss

of ‘the oxygen J2manils of wvaricus crzanic substances in thess pulp wastss,
(4) Cumulative toxic effscts, even in very hizh dilutions of

these wastes, due te the specific toxic action of several organic
substances producsd or liberated by the chemical ligestion of the wond.

(£) Specific toxic action of varicus sccssory substances used in
the manuficture anl procssesing of aper and other pulp pro lucts.

() An unpl:iansant taste often found in the flash of fish caught
in a stegnant arca below the papsr mill. '

(8]
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