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Abstract 

Water qua l i t y   o f   t he  Kootenay River above  and below . the pu lpmi l l   a t  

Skookumchuck  was studied from June 1980 t o  June  1982. The d i rec t  

discharge o f   the  Skookumchuck p u l p m i l l   e f f l u e n t   t o  the Kootenay River 

resul ted i n  elevated downstream levels   o f   co lour ,  sodium, chloride, 

tannins and l i gn ins  and phenolic  materials. There was a poorly  defined 

sag i n  dissolved oxygen downstream o f  the ef f luent   d isposal   s i te .  

Addit ional ly  there were chlorinated phenols  present i n  samples col lected 

downstream o f   the   pu lpmi l l   tha t  were not found  upstream o f  the  pulpmi l l .  

. The  change i n  ef f luent  d isposal   pract ice i n  December 1981 from d i rec t  

discharge t o   t h e   r i v e r   t o  the r a p i d   i n f i l t r a t i o n  system has eliminated 

the downstream e f f e c t s   o f  the pulpmi l l .  



Re'sume 
I 

La qua l i t 6  des  eaux  de l a   r i v i g r e  Kootenay, en  amont e t  en aval du moulin 

A papier A Skookumchuck, fut e'tudie'e de ju in ,  1980 A j u in ,  1982. Le 
I 

re je t   d 'e f f luen t  du moulin & papier de  Skookumchuck, directement dans l a  

r i v i g r e  Kootenay , a ,  e'ldve',  en aval , l e s  niveaux de couleur , de sodium, de 

chlorure, de tannins, de l i gn ines   e t  de materiaux  phgnoliques. I1 y 

ava i t  une baisse  d'oxyghe  dissout,  faiblement de'termine'e, en aval du 

l i e u  du re je t   d ' e f f l uen t .  Aussi, il y avai t  des phenols c h l o r u r k  dans 

les   e 'chant i l lons   recue i l l i s  en aval du moulin 5 papier, mais non  pas en 

amount  du moulin. Le  changement  du r e j e t   d ' e f f l u e n t   d i r e c t  A l a   r i v i g r e  

5 un  syst&me d ' i n f l i t r a t i o n  rapide, en  dece'mbre 1981., a e'le'mine', l ' e f f e t  

en aval, du moulin A papier. 
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Introduction 

One o f  the  .obvious  environmental problems i n  the  East Kootenay during  ,the 

1970's was the discolourat ion  of  the Kootenay River by the  eff luent 

disposal   pract ices  of   the Crestbrook  Forest  Industr ies  Pulpmil l   at 

Skookumchuck.  These practices  resulted i n  the Kootenay River  being 

a l te red   t o  a dark brown colour from i t s   na tura l   g lac ia l   b lue   co lour .  The 

Waste  Management Branch (Province o f  B.C. ) had issued a permit   requir ing 

the co lour   a l te ra t ion   to  be no greater  than, a 5 u n i t  increase.  Although 

evidence o f   f i s h   t a i n t i n g  was avai lable, (Langford, 1974). The permit   d id 

no t   res t r i c t   t he  discharge o f   spec i f i c   mater ia ls   re la ted   to   th is   e f fec t .  

Pulpmi l l   ef f luents  contain a wide var ie ty   o f   mater ia ls  and can exh ib i t  

considerable  influence on the  state  of   the ecosystem i n t o  which they  are 

disposed.  Since the Kootenay i s  an Internat ional   River,  a federal 

concern exists  for   the  qual i ty o f  water crossing  into  the U.S.A. On a 

loca l   leve l ,   p r io r   to   cons t ruc t ion  o f  the pu lpmi l l  and the  Libby 

Reservoir the annual  angler use on the Kootenay R ive r  south o f  

Skookumchuck,  was estimated a t  14,000 angler days. I n  1976 angler use o f  

the Libby  Reservoir/Kootenay River complex was less  than 1,000 angler 

days. This  decline has been a t t r i bu ted   t o   bo th   r i ve r   po l l u t i on  and 

l imi ted  angl ing.oppor tun i t ies on the  reservoir which the  angl ing  publ ic 

found objectionable. 
I 

I n  the study we looked  extensively  at  colour and other  ef f luent  re lated 

variables from June 1980, through June  1982. This  provided  data  for one 
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year p r i o r   t o  and. s i x  months a f t e r  the implementation o f   the  new e f f luen t  

disposal  practice. Although asthetical ly  displeasing,  colour changes are 

only an i n d i c a t i o n   o f  environmental damage. Furthermore, f r o m  a 

f i sher ies   po in t   o f  view. i t  is important t o  understand  the  actively  toxic 

e f fects   ( resul t ing i n   death^) or chronic  sub- lethal   ef fects  ( ta int ing,  

impairment t o  growth, reductions i n  f i sh .   d is t r ibu t ion)   o f   pu lpmi l l  

e f f luent .  

Sodium  and chloride  are two easi ly measured, variables which are  present 

i n  the  e f f luent ,   resul t ing from the i r  use i n  the pulping process  (Aquatic 

Studies Branch, 1981). These could be  used. as ef f luent  t racers  s ince 

each i s  conservative.  (i.e. : not affected by b io log i ca l   ac t i v i t y )  (Minns , 
1977). Other materials considered were organic and inorganic carbon, 

tannins and l i g n i n s  and phenolic  material, a l l  are expected t o  be present 

i n  the  e f f luent .   Dur ing  the  f i rs t '  year dissolved oxygen concentrations 

were also measured i n  the Kootenay River. Oxygen depletions may r e s u l t  

from the  disposal o f  e f f luents  with a large oxygen demand in to  receiv ing 

waters. 

I n  addi t ion,   pulpmi l l   ef f luents  of ten  contain  chlor inated hydrocarbons, 

part icularly  chlorinated  phenolics. Since prec ise  ident i f icaton o f  such 

materials i s  extremely  expensive chose t o  compare  one f ract ion  o f   the 

organic  material from above the. pu lpmi l l   t o  a f rac t ion  from below both 

p r i o r  t o  and subsequent to   the  i,mplementation o f  the r a p i d   i n f i l t r a t i o n  

system of  ef f luent  d isposal .  
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The r a p i d   i n f i l t r a t i o n  system a l lows  the  pu lpmi l l   e f f luent   to   perco late 

through  the  bottom of  fhe ponds  and through  the s o i l   t o  groundwater. 

During t h i s  process a combination o f  subsurface  chemical act ion and 

interact ions with so i l s   resu l ts  i n  the  decolourization  of  the  effluent. 

The system consists o f  seven 18.2 hectare  basins  (plate 1). Each basin 

i s  capable of   ,handl ing a s ingle days e f f luen t  on a rotat ional   basis.  

This system was implemented i n  December 1981. 



. 

PLete 1. Cmetbbaods Forest IndusXries p u l p i l l  showing rapid 
i n f i l h t i o n  ponds i n  forefpound with the Kootenay River i n  
the. background. Photo by Brian Kent c u r t e s y  o f  the 
Vancouver Sun, 



Methods 

- 8 -  

Sampling was performed  every  other month beginning i n  June o f  1980, a t  

the   s i tes  shown i n  f igure 1. These si tes  are  located one ki lometre 

upstream, 1, 2,  5, 10; 15, 20, and 40 km downstream from the locat ion o f  

the pu lpmi l l   e f f luent   d ispers ion system. Samples were co l lec ted   a t  the 

s i t e  1 km downstream only  during the i n i t i a l  stages o f   the  study. 

Collect ion o f  samples 40 kilometres downstream commenced i n  A p r i l  1981. 

T r ip l i ca te  samples f o r  analysis  of:  colour, sodium, chloride,  inorganic 

and organic  carbon were co l lec ted ,   d i rec t l y   in to   ac id  washed 250 mL 

polyethylene  bott les  using  the IWD rep l i ca te  sampler. Samples f o r  

tannins and l i g n i n s  were co l lec ted   s im i la r ly .  Te f lon  bo t t l es  were 

substi tuted  for  polyethylene f o r  the co l l ec t i on  o f  samples f o r  the 

determination o f  phenolics. These samples, also i n  t r i p l i c a t e ,  'were 
" . :  1 

preserved on s i t e  with 1 mL o f  CuSO, i n  su l fur ic   ac id .  All analysis 

was performed by the Water Quality  Laboratory o f  Inland Waters 

Directorate, Environment Canada using  the methods described by 

Environment Canada (1979) . 

Samples f o r  determination o f  dissolved oxygen were col lected i n  

t r i p l i ca te   us ing  a D.O. dunker (APHA, 1975). Dissolved oxygen 

determinations were performed by the azide  modif icat ion  of the Winkler 

Method (Environment Canada, 1979) 8 with a f i e l d   p o r t a b l e   t i t r a t i o n  

setup. These procedures were only conducted dur ing   the   f i r s t  year of the 

study.  Additional  dissolved oxygen  measurements  were made i n  s i t u   w i t h  a 
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Figure 1. Map of t h e  s t u d y  area showing sampling.locations. 
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dissolved oxygen electrode. 

. ,  
Samples for  more detai led  organic  analysis were col lected on four 

Rota-Vap, t rans fe f red   in to  a  J5 ml dalibrated  centr i fuge tube, and made 

up t o  10 m l  with iso-octane. The GC ana1ySi.s was performed wi th  

temperature programmifig  under the fo l low ing   cond i t ions :   In i t ia l  

temperature 15OoC, i n i t i a l  hold 2 m i n i  'programmed r a t e  S°C/min, f i n a l  

temperature 2200C,  Column packing 3 %  OV 101, detector  type-€. C.D., 

attenuation x 8, i n jec t i on   s i ze  8p1 and a c a r r i e r  gas f low  rate o f  

60 ml/min. 

, .  
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Results 

Colour 

Geometric mean colour  values with t h e i r  confidence l i m i t s  determined 

from, samples co l lected  a t  each s i t e  along  the Kootenay River  over  the 

period o f  the study  are shown i n  f igure 2. I n  the,   per iod  pr ior   to  

February 1982, colour  values  increased downstream o f  the pulpmi l l .  

These. increases were pa r t i cu la r l y  pronounced during December 1980 and 

February 1981. Observed  changes during June  and August were 

substant ia l ly   less due t o  ,the  'increased d i l u t i o n  o f  ef f luent  dur ing 

periods o f   h igh   r i ver f low.  Subsequent to   the  change to  the  ' rapid 

i n f i l t r a t i on   d i sposa l  system no .downstream increases i n  colour were 

I 

observed. 

Sodium 

Geometric mean sodium concentrations with confid,ence l im i t s   a re  shown 

i n  f igure 3 .  Increases i n  sodium concentration  associated with the 

pu lpmi l l   e f f luen t  were observed dur ing  the  per iod  pr ior   to .   the change 

i n  treatment. These increases were  more evident  during  the  winter 
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Figure 2. Geometric mean colour measurements with 95% confidence 

l im i ts   a long  the  Kootenay River  over  the  period o f  study. 
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Figure  3 .  Geometr.ic mean sodfum concen t r a t ions  (mg/l) w i t h  95% 

confidence.  1,imit.s a long  the Kootenay River over the pe r iod  

of s tudy .  
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Chloride 

The Chloride  concentrations shown i n  figur.e 4 exh ib i t  a pattern 

s im i la r   t o  sodium. Chloride  concentration  increases re1,ated 'to  the 

pu lpmi l l   e f f luen t  were  most pronounced during  low flow periods  .prior 

to   e f f luent   d isposal  ,by r a p i d   i n f i l t r a t i o n .  Subsequent t o  the change 

there i s  no longer an increase i n  chlor.ide  concentrations downstream 

from t t ie  pulpmi l l .  

.Carbon 

I 
I 
I 
u 
I 
1 
I 
1 
1 
I 
1 
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1 
J 
I 

Tannins and Lignins 

Tannin and l i g n i n  concent,rations,  figure 7, a lso   re f l ec t  the change 

i n  e. f f luent  d isposal   pract ices.   Pr ior   to  the change t o   r a p i d  

i n f i l t r a t i o n ,  the concentrations were much higher downstream o f  the 8 
pulpmil l   than upstream, whi le   a f ter   the  s tar t   o f   the new form of  

b 

B 

Total  inorganic. carbon: and t o t a l  organic  carbon  concentrations  are 

shown i n  f igures 5 and 6 respectively. The large  natura l   cont r ibut ion 

' to  the  level   of   inorganic  carbon masks the  smaller  contribution from 

the pulpmi l l .  On the  other ihand, organic carbon i s  increased 

downstream of   the  pu lpmi l l .  These increases were  most obvious  during 

the  .winter  of 1980-1981.  Subsequent to   the  implementation o f   rap id  

i n f i l t r a t i o n  . no  changes i n  organic  carbon were observed with 

downstream distance. 
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treatment  concentrations  did  not change, along  the  reach  of r i v e r  

studied. 

Phenolic  Materials 

Concentrations o f  phenolic  materials,  f igure 8, a lso demonstrate the 

pattern observed prev ious ly   o f  .marked increases i n  concentrations 

downstream o f   t he   pu lpmi l l   p r i o r   t o   t he  change i n  e f f l uen t  

treatment. The  amount of  the  increase i n  concentration appears t o  be 

discharge  related, with the largest  increases  occurring  during  low 

flow  periods. Subsequent to   t he   s ta r t  up o f  the  r a p i d   i n f i l t r a t i o n  

system, phenolic  material was no longer observed to  increase 

downstream o f   the   pu lpmi l l .  

Dissolved Oxygen 

Figure 9 shows dissolved oxygen concentrations  for the period  during 

which th is   var iab le  was measured. There was no sag' i n  dissolved 

oxygen concentrations downstream o f  .the e f f l uen t  source when measured 

by the  Winkler method. Table 1 contains the resu l ts  o f  p a r a l l e l  

measurements by the Winkler method,  and by a dissolved oxygen 

electrode. All readings  contained on the  table  are  percent  of 

saturation. A t  the s i t e  upstream of t h e   p u l p m i l l ,   a l l  measurements 

were a t   the   fu l l y   sa tura ted   leve l  with the  exception o f  December , 
where the  readings. were  somewhat, depressed (93%). The electrode 

readings suggest that  there i s  some downstream sag i n  dissolved 
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F.igure .4*. Geometric mean ch l -or ide  w'i'th 95% -confTdence limi'ts' a long  the 
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Koo'fenay Rive'r over t he   pe r ' i od  o f  s tudy .  
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Figure 5. .Geometric mean to ta l   inorganic  carbon with 95% confidence 

l im i ts   a long  the  Kootenay River over the  per iod  of   study. 
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Figure  6. Geometrk.  mean t o t a l   o r g a n i c   c a r b o n  w i t h  95% confidence 

XimTts a long  the.  Kootenay  River  'over, the pe r iod  o f  s tudy .  
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F i g u r e  7. Geometric mean t ann in   and ,   l i gn in  w i t h  95% conf idence  limits 

a long   t he .   Koo tenay   R ive r   ove r the   pe r iod  of: s t u d y .  
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Ffgurem 8.. Geometric:. mean. phenolic: make-rial with 95% cmfidence limits 

along: the .  Kootenay River. over  the, perli;od: 0.f s t u d y  .. 



I 
I 
I 
I 
I 

AUGUST OCTOBER DECEMBER 



1980 DISSOLV.ED .OXY.GEN 

~ 198.1 

81......... 
O-UX) 8.00 

‘DISIANCE 
wo zuy) .Y)m 

~ 1982 

‘FEBRUARY 

I 

APRIL 

t 
8 8  
O-2.W 6.00 l4.W 2200 30.00 

DISTANCE 

JUNE 
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Table 1. Dissolved Oxygen Saturation by two Methods 

METHOD . SATURATION 

~~ 

PERCENT SATURATION 

mg/l 1 above 1 below 2 below 5 below 10 below 15 below 20 below 

June 1980 

Winkler 

Meter 

August 1980 

Winkler 

October 1980 

Winkler 

Meter 

December 1980 

Winkler 

Meter 

February 1981 

Winkler 

Meter 

10.5 

9.4 

10.1 

12.3 

12.0 

100.0 

100.0 

98.5 

100.5 

98.2 

93.2 

93.2 

loo  .o 
100.0 

98.8 

84.0 

96.2 

96 .O 

94.9 

80.4 

83.7 

90.1 98.5 

87.7 105.7 

91.0 93.3 

96'.4 91.9 

76.2 73.7 

86.5 

51 .O 

75.6 82.9 

74.8 58.5 

100.0 

89 . .5 

95.9 

91.9 

62.2 

89.4 

91.9 

74.4 

97.6 

99.3 

94.2 

90.5 

94.5 

59.7 

89.4 

52.8 

83.7 

97.5 

94.9 

82.7 

87.0 

89.4 
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oxygen concentrations. These are most pronounced during  the  winter 

months, when a p a r t i a l   i c e  cover  existed:  Generally,  there. is poor 

agreement between the measurements, o ther   than  a t   the upstream s i t e .  

Organic  Fractions 

Figures 10 shows the gas chromatograph  scans for samples col lectea 

upstream and downstream o f   t he   pu lpmi l l .  on February 12, 1981. In 

downstream samples a number o f   u n i d e n t i f i e d  compounds with high 

e l e c t r o n   a f f i n i t i e s  were present  that were not  detected i n  the 

upstream samples. There were no s ign i f icant   d i f ferences between the 

downstream samples and the upstream samples for the  other  three 

samplings. 
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F i g u r e  10. Upstream  and  downstream  gas  chromatographs  collected 

February 12, 1982, du r ing  direct d i s c h a r g e   o f  t h e  e f f l u e n t  

t o  t h e  Kootenay  River. 
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I 

Discussion 

With the  exception o f   t o ta l   i no rgan ic  carbon, a l l  variables  considered 

were found general ly  to be. at   h igher  levels downstream from the  pu lpmi l l  

than were observed upstream. The  amount of  the  increase i s  re la ted   t o  

the  discharge o f   the  Kootenay River',  the  largest  increase  occurring 

during the low  flow  periods and the  smallest  during  freshet.  This  result . 

occurs because o f  sample d i l u t i o n   o f  a stable source. These resul ts   are 

i n  agreement with the  findings  of  Crozier (1980). 

The change i n  eff luent  disposal,  practice from d i rec t  discharge t o  the 

r i v e r   t o   t h e   r a p i d   i n f i l t r a t i o n  system eliminated  the downstream 

increases i n  colour, sodium, chloride,  total  organic carbon, tannins and 

l ign ins ,  and phenolic  materials. The qua l i t y   o f   t he  Kootenay River 

downstream o f   t he   pu lpmi l l  was returned  to  the  natural   state,  as the 

r e s u l t   o f   t h e  change i n  ef f luent  d isposal   pract ice.  What the  long  term 

ef fect   o f   the  d isposal   o f   the  pu lpmi l l   e f f luent   to  the ground  water 

system will be, remains t o  be  seen. It i s   i n t e r e s t i n g  t o  note tha t  

although  the change i n  ef f luent  d isposal  was designed pr imar i ly   for  

colour removal the  ofher  variables examined  were also removed from the 

Kootenay River.  This  result suggests that   recreat ional  use o f  , the 

Kootenay River may a lso  re turn  to   the  s ta te which ex is ted  pr ior   to   the 

s tar tup  o f   the  pu lpmi l l .  To date, anglers have been observed return ing 

t o   h i s t o r i c   f i s h i n g  areas a l b e i t  i n  low numbers. 

There i s  a general  lack o f  agreement between dissolved oxygen 
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determinations  by  Winkler f i l t r a t i o n  and membrane electrodes. The 

discrepancies  wtiicti e x i s t   a r e   a l l   a t   l o c a t i o n s  downstream  from the 

pulpmi l l .  It i s  conceivable . that  these  discrepancies resu l t  from the 

presence of chlor ine which is used i n  wastie wafer  treatment. If any 

res idual   ch lor ine  ex is ts  in the  ef f luent  it would r e s u l t   i n  a pos i t ive 

interference i n  the Winkler method o f  determining  dissolved oxygen. 

Since t h i s   i s   t h e  phenomenon generally observed i n  tab le '  1 i t  appears 

that   th is   pos i t ive  in ter ference  ex is ts .  ' Membrane electrodes  are an 

excel lent method for  dissolved oxygen analyses in' waters which are  h ighly 

coloured or  pol lu ted (APHA, 19759. 

The 'organic  analysis which was performed on four occasions  during  the 

study shows the presenee of  electro-posit ive  organic compounds downstream 

of  the  puipmi l l  when e f f luen t  was disiitiarged d i f e c t l y  to t h e  . r iver .  

There were un ident i f ied compounds: present i n '  '-the samples ' col lected 

downstream from the  pu lpmi l l  wtii'ch d id  not appear in the. upstream samples 

col lected i n  February 1981.  Samples col lected sutisequent t o  the change 

i n  ef f luent  d isposal   (Apr i l  1982 and June' 10, 1.982)  showed  no difPerences 

between upstream and  downsfream; This  ' indicates  that the change i n  

effluent  disposal  practices also served t o  stop tihe in t roduct ion  o f  these 

types o f  compounds into  the  r iver.   This  c lass o f  organics  contains many 

of  the  materials which cause t a i n t i n g   o f   f i s h   t i s s u e  (Fox, 1977), or have 

l e t h a l  or sublethal   ef fects (Walden  and  Howard,  1971; WhittLe and 'Flood, 

1977). Leach  and Thakore (1975.)  and  Meiean  and  Brown (1979) impl icate 

res in   ac id  derivatives and ch lo r ina ted   l ign in  ,breakdown pr0'duot.s ' as the 

material 's  responsible  for  tainting and Iet t ia ' l   ef fects.  
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Under the terms o f  the permit  by which ef f luent '   d isposal  i s  conducted the 

pu lpmi l l  may, during  periods o f  high  f low,  discharge  directly t o  'the 

r i ve r .  A p a i r   o f  samples  were col lected on June  22,  1982, during a 

per iod   o f   d i rec t  discharge to   t he ,   r i ve r .  That no difference between the 

samples was found i s   l i k e l y  due to   the  h igh  d i lu t ion  ra te  dur ing  f reshet .  
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