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Introduction

The following report is the summary of an investigation of the waters
of Alice Arm (South Bast Aym), Quatsino Sound, conducted at the request of the
Fisheries Department and inditiated in consequence of certain complaints on
agcount of the alleged harmmful effect of the waste from the pulp mill at Port
Alice upon the fishing industry of the region in question,

Onhomlmc,.c.&. “Malaspina” in eharge of Captain Laird, we arrived
at North Harbour, Forward Inlst, Quatsino Sound, on the evening of August 16th.
Friday, August 17th, was ocoupied msking collections, as described in more
detail below; most of the enalyses were made at once in order that no changes
might talke place before the records were obtained; the pulp plant was visited
and through the courtesy of the mansgement a complete demonstration and
deseription of the process was given by the chemist in M. The boat was
tied up at the mill-wharf where it remained ovor night and where a series of
wator samples were obtained, ¥Un route, the fisheries guardian was interviewed
and his verbal report on the route, the present and past status of the fish
found in Quatsino Sound was received,

Stations Established

Five stations were established: (1) midway between Brockton and Iime-
stons Islends, main channel Quatsino Sound; (2) off Klootchbaleesh River mear
the mouth of South East Armj (5) betwoen Mist Rock and Dog Islandj (4) North



East of the pass bordered by Long Illlnd; and (5) ono boat width (“Malaspina”)
from the wharf of the Port Alice pulp mill, These stations wore logcated at
distances of 15, ® 1/2, 5 1/2, 1 1/4 and 0,01 miles from the pulp mill, The
first station was established for purposes of comparisoni since it was in the
main channel of the sound which has several arms and sines it is open to the
full effect of the tide its waters may be regarded as characteristiec of the
area, The other stations, all in South East Arm, should show progressively the
effect, if any, of the waste products upon the waters of this region,

Samples

At each of the stations deseribed obove, water samplos were taken with a
elosing water bottle at depths off bottom, 60 feet, 50 fest, 15 feet, & feet,
3 feet and at the surface; several additional surface semplos were taken at
the wharf; altogether, 53 sauples were obtained, Theso were separated into
two portions, the first was used for chemicale-physical analyses and the seecond
was preserved to be exammined mieroscopically for wood fibre and small plants
ondninahrhuhnmumhm (plankton), The samples are numbared
2,679 to 2,702, They were placed in series with samples taken at other parts
of the coast of British Columbis, The bottom samples wers at depths 360 feet
(station 1), 480 feet (station 3), 219 feot (station 4) and 42 feet (station 5),
The bottom samples should detect the prosence of any solid material heavier
than water and the nesr surface samples contain any resdily soluble materials
dissolved in the wash wator (waste liguor) which floats on the ﬁuvior salt
water, as well as a large proportion of the waste wood pulp and smy living forms
constituting the fish food, In addition to the above mentionsd samples, ten
gallons of surface water were poursd through a fine cloth not and thereby



additional semplas of the wood fibre, plankton, ete,, were obtained at each
station,

Analyses

For cach sample the following doterminations were made: temperature,
spocific gravity, salinity (chloride per litre), acidity (pH) and oxygen
coutent, Standard methods of analyses were employed in each casej the Mohr
method for chloride; the Winkler method for oxygen; the coloramo tric method
for uﬁiv (pH), using the La Motte standards; the temperatures were
dotermined with a Negretti & Zambra reversing deep sea thormometer snd the
density (speeific gravity) with stendard hydrometers. These data have besen
tabulated in the form attaeheds

Aeidity

It may be noted that the sulphur dioxide used in the sulphite process
forms an acid (sulphurous) when dissolved in water end if discharged in the
waste liquor in amounts sufficient to be toxie m.ummn by sea water, it
coan be detected, The nomal scidity of sea water ranges from 7,8 pil to 8.5 pH.
The water of Allee Arm falls well within those 1311%!. and even within a few
mundred fost of the aischarge piye, although somewhat below the nomal for

surface water, does not sxeesed the limits for nomal sea water,

Oxygen

Under ordinary conditions, sea water on the continental shelf ranges in
oxygen content from 50 per cent saturation at or below 300 feet to near
saturation for the upper layers, It is found, however, that in deep undis-
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turbed basine the bottom water may be practically deveid of oxygan (e.g2e
Samich Inlet), On the other hand an abundence of mieroscopic plant 1ifs at
the surface may result in super-saturation with respect to oxygen, It is
generally recognized that ﬁmtim of natural waters by sewaze and
industrial wastes results in proncunced lmo:.:tng of oxygen valuas, Sulphite
in particular, if present in any conaiderable quentity, unites with oxygen to
form sulphate with & corresponding decroase in free oxysgen content, The
oxygen valuss of the waters in South Zast Arm were normal, In no enmse 4id the
bottom samples ‘rall below 40 per cent saturation and at the station near the
mouth (#2) super-saturation was attained at the surface, At the wharf of the
pulp mill the water was more than 80 per cent saturated with oxygen, (890
table I),

Salinity

In general the salinity of water along shores is sn expression of the
agount of river water which has bevome mixed with the sea water, Vater of
the open sea has a salinity of '18.0 to 19,0, axpressed as chloride per liter,
while the water in the Strait of Georgia near the mouth of the Frasor River
utthmfauwhnlmmetho”oﬁhu. ‘The uppar layer of
lighter, loss saline water is often quite stable, The salinity of the water
in Alice Arm should give a msasure of the amount of fresh water brought dowm
by streams plus that used as ash water and also indicate the smount of eir-
culation and the discharge to the open sea of this waste-containing water,
The analyses (tabls I) show that the water at the bottom of Allce Arm is
practically that of the open sea, 18,1 to 18,9, and is undisturbed, while at
the surface the salinity is similar to that in Haro or Rosario Straits and
is considerably above that of any part of the Strait of Georgla at the same
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period of the year (August); in othsr words, the salinity is sueh as would
pormit the growth of abundant fish food.

Amount of Vood-fibres

The smount of wood fibre -mmau&wm:wuommmm
sauples collected by counting the number of fibres in one cubie eentimeter of
the -pcmni. This number was multiplied by 4,450 in oxder to indicate the
nusber of fibres per galim of sea water (see table III). In Quatsino Sound
at a distanee of 15 miles from the mill there me from 9 to 13,5 thousand wood
fibres per gallen sceording to the depth, the fibros being more numerous nesr
the surface, The number gradually increasss as the pulp mill is epproached
WIti1 6% 45 vhar? Ahere were sppreuinately 30,000' st & depih of 5 feed]
20,000 at depths from & ioBOt‘ntMGO."OOOQQ the bottom expressed as num-
bers of woold fidbres per gallons This number may be camparsd with the number
of fibres in a piece of papsr prepared by the same mill, one ineh square and
1/25 ineh thick, nemely about 380,000, In other woxds the mumber of wood
fibres in a square ineh of paper, 1/25 inech thick, is the amount contained in
12 gallons of water near the surfage at the wherf and #s also equal to that
contained in 9 gallons at the bottom,

The particles of materisl known as fibres are extremely small, Those
found in peper rangsd from 20 to 45 millimetres in length, that is from 1/12
to 1/5 inches (ca)s The particles faund in the sea water as wasts are generally
suMller; even near the vharf many of the fibres discarded were not more than
1 millimetre (1/25) ineh) long and the size of particles which remain suspended
is progressiwely smaller the greater the distence from the milly at 15 miles
distance, although there are still sbout 10,000 fibres per gallon the lsngth
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of oach doss not exeeed 0.4 mm, (1/60 inehes), These fibres ave also move
irvegnlar in outline, In addition %o the above thare are in each ssmpls
approximately five times the nuber of extremsly small wood particles,
nearly cubical, about 0,025 millimetres (1/1000 inches) in eross seetion
which in wood structures bind the fidbros together and are known as medullary
ray cells,

Living Forms

The mieroscopic animals and plants found in sea water not only mm
the primary fish food but also their presence may be taken as an indicator of
the suitebility of the chemical mnd physical conditions for organisms in
general, including fish, The appended table demonstrates the presence of
diatons (Chaetoceros, Skelstonema, ete,), Peridinians, Tintinnides, Copepoda
and larves at all the stations, even at the wharf (vith the exeeption of diatoms
at station #4 = 1 1/4 miles from the mill); it may be noted, however, that
these yeappear at station #5, i.,0,, at the wharf), These forms are such s
may be expected normally in sea water at the season when the samples were taken,

. The organisms mentionsd above, although present, were not found in the
immense quantities which characterize areas where the pilchard are sbundant,
A similar condition cbtained in several othsr inlets and sounds on the west
coast of Vencouver Island at the same time, Hspermmza Inlet and Alberni Cmnal,
for instanse, whije at Nootka and to a less extont at Tofino the plemnkton was
sbundant and pilchards were beilng caughts These fluctuations are still
problamatic and require further investigation,

Fish in CQuatsino Sound

The verbal statement of the fishery guardian givem before the captain




of the "Malaspina" and the nndmlmd may be sumarized as follows:

1, That salmon are baing caught in Quatsino Sound in South Bast Arm,
as formerly.

2, That the herring vere abwundant and spewned freely in South East Am
last season; that soma dead barring were found on shore but the cause is not
definitely known,

3, That thers was a pilehard "run” to the nad of Alles Am two yeavs
agzo but this eircumstance has not recurred last year, nor this yemr to datej
also that pilchards may have been pressnt previously but were not reecorded,

Discussion

A report on Investigation of Pollution of Stresms issued by the Buream
of Pravention of Stream Pollution for the State of New York (1923) shows that
the oxygen content of water falls very rapidly when sewage or industrial waste
is discharged into a stresm, often reaching less than 10 per cont saturation,
The water of Quatsino sound is 95 per cent saturated at a distanee of 1 1/4
milos from the pulp mill (see table I).

Another report on the Pollution of Streams by Sulphite Pulp Waste, written
by H.B. Phelps (Washington 1909), estimates the smount of sulphite waste liquor
discharged into the strosm# of UyS., in 1906 as 3,227 million gallons, It is
netural that the question should arise as to the disposal of this great smount
of waste and the recovery of the streams which have received such a great load,
This report gives the following tablet



FPounds

Wood material : 2,000
Caleium sulphate 449
Sulphur dioxide (not included in total below) 1s
Sulphur (additional in combination) 196
Totul solid matter T 2,088

At Port Alice the bark and lmots are sent to the burners and the quality
of the wood used and the nature of the procsss are such that the pulp waste is
approximately 10 per cent the amount utilized compared with 100 per cent, as for
instance, in the iashin-ton report, The "white water" is again used and the
sulphur dioxide content of the waste liquor is reduced thereby,

It is evident that improved methods have been advantagsous to the pulp
industry and have reduced the hazard to the fishery industry,

A Biological Survey of the Upper Mississippl River with Speecial reference
to Pollution, by A.H, Weibe (1928), Bulletin of the Bureau of Fisheries, shows
that in little more them 50 miles distance this comparatively small body of
water has practically recoversd nruu the waste of thc two citles, St, Paul and
Minneapolis, The oxygen content is taken as the one of the most significant
eriteria,

Conclusions

1, That the chemical and physical propertiss of the water in South Rast
Arm, Guatsino Sound, were well within the limits of sea waters of the conténental
shelf at the time of this invdetigation.

2, That organisms such &s are characteristic of similar reglons were
present there. The fluctuation in the quantity and the causes need further
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3. The economic varieties of fish have boen found in the sound since
the pulp mill was established and evidence is wanting to show that the supply
has been materially or definitely altered, |

4. Further investigation of the effoct of wood fibre and of "ligno-
sulphonie” acids on fish is dutrahh', particularly in the case of young fishe



