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A number o f   s t a t i s t i c a l   t e c h n i q u e s   a p p l i e d   t o   t h e  S t .  nary  River  water 

q u a l i t y   d a t a   I n d i c a t e  a s i g n i f i c a n t   d i f f e r e n c e  between  data  sets  for  year 

1975  and  1980 through 1982. These d i f fe rences   a re   very   ev ident  i n  the  

f requency   d i s t r i bu t i ons  o f  each va r iab le .  A d e f i n i t e  change i n  

concentrat ions  o f   phosphorus,   f luor ide apd s i l i c a t e  i s  noted  between 1975 

and the  years 1980-82 which  corresponds t o   t h e   t h e   s t a r t - u p   o f   t h e   w a s t e  

w a t e r   t r e a t m e n t   f a c i l i t y   a t  Cominco's  Kimberly  operation. 
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RESUME 

concent ra t ion  du  phosphore,  des c h l o r u r e s   e t  des s i l l c a t e s  a 

facon  apprec iab le  ent re  l 'annee 1975 e t   l a   p e r t o d e  de  1980 a 

correspond  au  debut  du  traltement des eaux  usees  de l a  compagn 

a Kimberly. 

Les resul ta ts   se lon  obtenus  d lverses methodes s t a t i s t l q u e s   u t l l i s e e s   p o u r  

ana lyser   les  donnees  de l a   q u a l i t 6  de  1''eau  de l a   r l v i e r e  S t .  Mary, 

Ind lquent  une d i f f e rence   impor tan te   en t re  1 '  annee  1975 e t   l a   p e r l o d e  de 

1980 a 1982. Cet te   d i f fe rence  es t   sur tou t   Cv ldente   sur   la   courbe de 

d i s t r i b u t i o n  de frequences de  chaque var iab le .  Notamment l a  

v a r i e  de 

que 

1 nco 

1982, 

l e  Com 



INTRODUCTION 

H i s t o r i c a l l y ,   t h e  S t .  Mary R iver   exh ib i ted   h igh   leve ls   o f   phosphorus  and 

o ther   var iab les  as t h e   r e s u l t  of t he   e f f l uen t   d i sposa l   p rac t i ces   o f  

Cominco's  mining and f e r t l l l z e r   o p e r a t i o n s   a t   K i m b e r l y .  Changes i n  these 

prac t lces ,  most n o t a b l y   t h e   s t a r t  up o f  a wastewater   t rea tment   fac i l i t y ,  

occurred.between 1975 and  1980.  Since  only  l imited  monitorlng  has  been 

undertaken  over t h i s  pe r iod ,   t he   p re fe r red ,   s ta t i s t i ca l   t echn iques   o f   t ime  

ser ies  analys is   cannot  be app l i ed  i n  determining  whether or n o t  changes 

i n  w a t e r   q u a l i t y   c o n c e n t r a t i o n s   d i d   r e s u l t   f r o m  changes i n   t h e  Cominco 

operat ion.  

Data was co l l ec ted   da ta   du r ing  1975,  and  between A p r i l  1980  and  June 19 82 

t o   e s t a b l i s h   t h e   l e v e l s   o f   s e l e c t e d   w a t e r   q u a l i t y   v a r i a b l e s .  The 

o b j e c t i v e   o f  t h i s  study was t o  compare these  data  sets   to   determine i f  

changes i n  the  concentrat ion  o f  some w a t e r   q u a l i t y   v a r i a b l e s  had 

occurred.   Th is   repor t   descr ibes how t h e   d i s t r i b u t i o n s  o f  t o t a l  

phosphorus, f l u o r i d e ,  and s i l i c a t e  changed  between  1975  and  1980. Much 

o f   t h e  emphasis o f   t h i s   r e p o r t  i s  on  methods which may be  used f o r  

cons ide r ing   d i f f e rences  i n  d i s t r i b u t i o n s   o f   v a r i a b l e s .  
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STUDY AREA 

The S t .  Mary R iver  i s  one o f   t h e   m a j o r   t r i b u t a r i e s  o f  the  Kootenay 

River.  Located i n   t he   sou thwes te rn   reg ion   o f  the lower  Kootenay  River 

bas in   (F igu re  l), the  system I s  approximately  100 km i n   l e n g t h   w l t h  a 

dra inage  area  est imated  a t  2400 km . The headwaters  are  located i n   t h e  

of 100-250 m /s occur   dur ing 

du r ing  December through 

2 

3 Purcel l   Mountain Range. Maximum f lows 

f reshe t  and  mlnimum f l ows   o f  9-11 m / s  3 occur 

March  (Environment Canada, 1980) 

The major  source  of  contamlnatlon t o   t h e  system i s  f rom  the Cominco 

operat ion  Tocated  near   K lmber ley.   Indust r ia l   e f f luents   f rom  the  Sul l ivan 

mlne, ore  concentrator  and phosphate f e r t i l i z e r   p l a n t   d l s c h a r g e   i n t o  

Mark, Kimberley, and James creeks. All o f  these ultimately f l o w   i n t o   t h e  

S t .  Mary River .  To upgrade e f f l u e n t   q u a l i t y  a t r e a t m e n t   f a c i l i t y  was 

i n s t a l l e d  and seve ra l   l np lan t  changes  were c a r r i e d   o u t .  These changes, 

i n c l u d i n g   i n s t a l l a t i o n  o f  the  t reatment  p lant ,   were  completed and i n  

opera t i on   by   t he   sp r ing   o f  1980. 



~~~ ~~ ~ 

Figure 1 .  St. Mary River  study area.  
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METHODS 

Sampling  Techniques 

All samples djscussed i n  t h i s  r e p o r t  were c o l l e c t e d  downstream  from  the 

i n d u s t r i a l   d i s c h a r g e s   a t   t h e   b r i d g e   c r o s s i n g   t h e  S t .  Mary River   near   the 

S t .  Eugene Miss ion (OOBCO8NGOOO4). Samples were c o l l e c t e d   a t   t h r e e  

p o i n t s   e q u i d i s t a n t   a c r o s s   t h e   r i v e r   u s i n g   a  I W D  r e p l i c a t e  sampler  (Oguss 

and Erlebach,  1976). A s e t   o f  s i x  r e p l i c a t e  samples  were c o l l e c t e d  

d i r e c t l y   i n t o   g l a s s   b o t t l e s   ( 5 0  m l )  f o r   t h e   d e t e r m i n a t i o n   o f   t o t a l  

phosphorus,  and  a s e t   o f  s i x  i n t o   p o l y e t h y l e n e   b o t t l e s   ( 2 5 0  m l )  f o r  

f l u o r i d e  and s i l i c a t e   d e t e r m i n a t i o n s .   A n a l y t i c a l  work was performed  by 

t h e   P a c i f i c  and Yukon Region,  Water Q u a l i t y  Branch  Laboratory i n  

Vancouver. The methods  and  procedures  used i n   t h e   c h e m i c a l  

de te rm ina t ions   a re   desc r ibed   i n   t he   Ana ly t i ca l  Methods  Manual 

(Envlronment Canada, 1979). 

Sampling  Frequency 

A p re l im inary   s tudy   o f   the   Kootenay   R iver   Bas in  was c a r r i e d   o u t   d u r i n g  

1975. The ma in   ob jec t i ve   o f   t ha t   s tudy  was to   de te rm ine   t he  mass 

t r a n s p o r t   o f   n u t r i e n t s  and e s t a b l i s h   i n p u t   l e v e l s .   I n   t h a t   s t u d y - ,  

samples  were co l lec ted   two  t imes  per  day fo r   approx imate ly  one week every 

o the r  month. This sampling  frequency  began l n   A p r i l  and c o n t i n u e d   u n t i l  

November 1975. W i t h   t h e   I n s t a l l a t i o n   o f  a   was tewa te r   t rea tmen t   f ac i l i t y  

i n  August  1979  a  subsequent monitor ing  program was i n i t i a t e d   w i t h  samples 
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co l l ec ted   eve ry   o the r  month  f rom  Apr i l  1980 through June 1982. During 

bo th  programs  several  variables  were  monitored,  however t h i s   r e p o r t  

cons ide rs   on l y   t h ree .   Add i t i ona l   da ta   f rom  th i s   s tudy   can  be obta ined 

from  the  Data Systems Sec t ion   o f   t he  Water Q u a l i t y  Branch,  Inland  Waters 

D i r e c t o r a t e  '1 i n  Ottawa. 

S t a t i s t i c a l  Techniaues 

. .  

Transformations 

For   the  purpose  o f  t h i s  study a l l  d a t a   f o r  each  year  were  treated as 

a g roup .   S ta t i s t i ca l   ana lyses  were  then  performed on these  groups. 

Where d i s t r i b u t i o n s  were  found t o  be  non-normal a t rans fo rma t ion  

I n  

It i n  

This 

data 

I 
i 
I 
I 
R, 
1 
I 
8 
I 

wh ich   resu l t s  I n  a mqre  ,normal d i s t r i b u t i o n  was performed. 

p a r t i c u l a r   n a t u r a l   l o g a r i t h m i c   t r a n s f o r m s   o f  raw  data  o f ten  resu 

Inc reased   no rma l i t y   o f   wa te r   qua l i t y   da ta   (Wh i t f i e ld ,  1983) .  

t r ans fo rma t ion  was used e x t e n s i v e l y   i n   t h e   a n a l y s i s   o f   t h e  

considered i n  t h i s   r e p o r t .  

D i s t r i b u t i o n s  

His tograms  were  prepared  by  p lo t t ing  the number of  occurrences  expressed 

as a f r a c t i o n   o f   t h e   t o t a l  number o f  samples on .   t he   o rd ina te   aga ins t   t he  

upper limit o f  each i n t e r v a l  on  a l oga r i t hm ic   sca le .  This t y p e   o f   p l o t  

will show d i f f e r e n c e s   i n   b o t h   d i s t r i b u t i o n  and magnitude. 
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A second  method o f  g r a p h i n g   d i s t r i b u t i o n  i s  a p l o t  o f  the   cumula t ive  

p r o b a b i l i t y   d i s t r i b u t i o n .  These are  prepared i n  t h e   f o l l o w i n g  manner. 

The to ta l   range  o f  observa t ions   fo r  each v a r i a b l e  I s  d i v i d e d   I n t o  100 

equa l   in te rva ls .  The cumu la t i ve   f requency   d i s t r i bu t i on  was then  obta ined 

by  successlve . sumnation and expressed as percent o f  t h e   t o t a l  sample 

s Ize.  The upper limit o f  each i n t e r v a l   I s   t h e n   p l o t t e d  I n  l i n e a r   s c a l e  

on the  abscissa  against   percent  cumulat ive  f requency i n   p r o b a b i l i t y   s c a l e  

on the   o rd ina te .  ' P l o t s  o f  . t h i s   t y p e   a l l o w   v i s u a l   d e t e r m i n a t i o n  o f  

d i s t r i b u t i o n a l   p r o p e r t i e s  o f  t h e   d a t a   i n   p a r t i c u l a r   t h e   u n d e r l y i n g  

d i s t r i b u t i o n s .  

T e s t   S t a t i s t i c s  

The f o l l o w i n g   s t a t i s t i c a l   a n a l y s e s   w e r e   a p p l i e d   t o   t h e   w a t e r   q u a l i t y   d a t a .  

A .  Kruskal-Wall is  Test  (Dixon, 1983) 

The K r u s k a l - W a l l i s   s t a t i s t i c  i s  a nonparametr ic   test  o f  t h e   e q u a l i t y  

o f  the  locat ion  parameter  (mean) f o r  two o r  more'  independent 

samples. Le t   t he  N observat ions be c l a s s i f i e d   I n t o  g groups,  the j t h  

group  contains n observat ions.  All the   va lues   f o r  each v a r i a b l e   a r e  

ranked  from 1 t o  N; t ied  va lues  are  ass igned  the  average  rank  for   the 

t i ed   va lues .   Le t  R be t h e  sum o f  the  ranks  for  each  group. The 

K r u s k a l - W a l l i s   s t a t i s t i c  (H )  i s :  
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12 9 R j  
H =  E - -  3( N t l  ) 

N(N+l) j=l n j  

I f  t i e s   e x i s t ,  H i s  mod i f i ed   t o :  

where ti equals  the number o f   o b s e r v a t i o n s   t i e d   w i t h  a s ing le   va lue  

and E* i s  t he  sum over a l l   d i s t i n c t   v a l u e s   f o r   w h l c h  a t i e   e x i s t s .  

The l e v e l   o f   s i g n i f i c a n c e   o f   t h e  H s t a t i s t i c  i s  ob ta ined  . f rom  the  

c h i - s q u a r e   d i s t r l b u t i o n  wi th  g-1 degrees o f  freedom. 

Since  no  assumptions  are made regard ing   the   normal i t y  o f  the   da ta  or 

t h e   e q u a l i t y   o f   v a r i a n c e s   t h e   t e s t  i s  robus t .   Th is   tes t   then I s  a 

simple method for  determining  whether  or   not   the  var ious  groups  have 

equal means. 

B .  One-way Analys is   o f   Var iance  (Sokal  and Rohlf,  1969) 

A one-way analy.s is  of   var iance (ANOVA) tes ts   t he   equa l i t y   o f   g roup  

means. Le t  x be t h e ,  j t h  o b s e r v a t i o n   I n   t h e  i t h  .group, xi t h e  

mean and Ni the  number o f   o b s e r v a t i o n s   i n   t h e   i t h   g r o u p .  The 

between sum o f  squares (BSS) i s  then: 

13 

where 
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The between  degrees o f  freedom  are g-1  where g i s  t h e  number of  

groups. The between mean square (BHS) i s :  

6nS = BSS/ (g-1) 

The wi th in  sum o f  squares (WSS) i s :  

- 
wss = q z j  ( X j j - X i ) '  

w i th  degrees o f  freedom / Zj(N1-1). 

The w i t h i n  mean square (WMS) i s :  

wns = wss/q (NI -1 )  

and the  F r a t i o   i s :  
F = BMS/WMS 

The t a i l   p r o b a b i l i t y  i s  t he   p robab i l i t y   o f   exceed ing   t he  F r a t l o  when 

the  group means are  equal .  Thls method i s  appropr ia te  when the   da ta  

a re  sampled f rom  no rma l   d i s t r i bu t i ons   w i th   equa l   popu la t i on  

var iances. The d i s t r i b u t i o n  o f  t h e  F r a t i o  i s  p a r t i c u l a r l y   s e n s i t i v e  

to   the  assumpt ion  o f   equal   populat lon  var iances.  The F value i s  a 

t e s t   o f   t h e   e q u a l i t y   o f   g r o u p  means. 

C .  Levene's  Test  for  Equal  Variances  (Brown and Forsythe,  1974a) 

Leveneis t e s t  i s  a r o b u s t   t e s t  o f  t h e   e q u a l i t y  o f  var iances  provided 

by a one-way ana lys is   o f   var iance computed  on the   abso lu te   va lue   o f  

dev iat ions  f rom  the  group means: 

Let  

I. 
1 
1. 
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Then t h e  one-way  anova s t a t i s t i c  wo I s  formed  as 

where Z i  = C Z i j / N I  and Z = Z z Z i j / z n i  

The c r i t i c a l   v a l u e s   a r e   o b t a i n e d   f r o m   t a b l e s   o f  F values wi th  g-1  and 

x, (M1-l) degrees o f  freedom. 

D .  Brown-Forsy the   S ta t i s t i c  (Brown  and Forsythe,  1974b) 

A n o t h e r   r o b u s t   t e s t   f o r   e q u a l i t y   o f  means, the  Brown-Forsythe 

s t a t l s t l c  ( F * ) ,  i s  a m o d l f l c a t l o n   o f  F which   subs t i tu tes   a  

denominator  which  has  an  expectat ion  equal   to  the  numerator when a l l  

means are  equal .  

C r i t i c a l   v a l u e s   a r e   o b t a i n e d   f r o m   t h e   F - d i s t r i b u t i o n  wi th  g-1  and f 

degrees of  freedom  where f I s  def ined  by   the   approx imat ion :  

There i s  a s m a l l  l o s s  i n  power when us ing  F*  ra the r   t han  F, however 

t h e   p r o t e c t i o n   a g a i n s t   t h e   d i s t o r t i o n s   o f  F when . the   va r iances   a re  

unequal commends i t ' s  use. 
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E .  Welch S t a t i s t i c  (Brown  and  Forsythe,  1974b) 

The Welch s t a t i s t i c  ( W )  i s  a f u r t h e r   t e s t   o f   t h e   e q u a l i t y  o f  means. 

However u n l i k e   t h e  one-way anova t h i s   s t a t i s t i c  I s  robust  under  the 

i nequa l i t y   o f   va r iances :  

W =  

where 

When a l l   p o p u l a t i o n  means are  equal  (even I f  the  var iances  are 

unequal), W i s  approx ima te l y   d i s t r i bu ted  as a F s t a t i s t i c  wi th  g-1 

and f degrees  of  freedom  where f . I s  I m p l i c i t l y   d e f i n e d  as: 

1 
f -  
- - [3/(g2-1)]  Z i  ( l - W i / U ) ’ / ( N i - l )  

As wi th   t he   B rown-Forsy the   s ta t i s t i c ,   t he re  I s  a smal l   loss   o f  power 

i n   u s i n g   t h i s  statistic ra the r   t han  F, however t h e   p r o t e c t i o n   a g a i n s t  

t h e   d i s t o r t i o n   i n   s i z e   o f  F f rom  unequal   var iances  warrents  the  use 

o f  w. 
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RESULTS AND DISCUSSION 

1 The i n t e n t i o n   o f  t h i s  paper was t o  compare d i s t r i b u t i o n a l   p r o p e r t i e s   o f  

t h e  phosphorus, f l u o r i d e  and s i l i c a t e   . d a t a ,  and  examine some poss ib le  

methods o f   a n a l y s i s .  

D i s t r i b u t i o n s  

f o r  each v a r i a b l e   f o r  each 

techniques i n   d e t e r m i n i n g  

as a l l o w i n g  us t o   g r a p h i c a  

Each f r e q u e n c y   d i s t r i b u t i o n  i s  graphica l ly   represented as F igures 2 

t o  7. A his togram and a cumulative p r o b a b i l i t y   d i s t r i b u t i o n  were p l o t t e d  

I year .   Bo th   types   o f   d is t r ibu t ions   a re   g raph ic  

the   no rma l i t y  o f  a sampled popu la t ion  as w e l l  

l l y  estimate  th.e mean and s tandard  dev iat ion.  
, ,  

I n  a h is togram a normal d i s t r i bu t i on   cu rve   wou ld   appear   symet r i ca l   o r  

b e l l  s.haped wi th  the   observa t ions   equ id is tan t   f rom a c e n t r a l  maximum. 

The shape o r   d i s t r i b u t i o n   o f   t o t a l  phosphorus shown i n  F igure  2 departs 

f rom  the   normal i t y  and .demonstrates a skewed d i s t r i b u t i o n   t o   t h e   r i g h t   i n  

1975 .and t o   t h e   l e f t   i n   t h e  1980,  1981 and 1982 d i s t r i b u t i o n s .   N o t e   t h a t  

du r ing   t he  1975 sampl ing  per iod more than 50 percen t   o f   t he  samples 

conta ined  concentrat ions  ranging  f rom 0 .55  t o  1 .82  mg/l.  Comparison 

wi th  l a t e r   y e a r s  (1980-82) shows a marked decrease i n   c o n c e n t r a t i q n  w i th  

a large  percentage  o f  samples having  values  between 0.09  t o  0.30 mg/l. 
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l h e s e   p a t t e r n s   a r e   a l s o   e v i d e n t   i n   t h e   f r e q u e n c y   d i s t r i b u t i o n s   o f  

f l u o r i d e   ( F i g u r e  3 ) .  A large  percentage o f  t he  sampled p o p u l a t i o n   i n  

1975  had concentrat ions  greater   than 4 mg/l, somewhat higher  than  those 

i n d i c a t e d   f o r  1980-82.  Another i n te res t i ng   obse rva t i on  i s  ' t h e  

c h a r a c t e r i s t i c   b i m o d a l   d i s t r i b u t i o n   o f  each frequency  curve.  Instead  of 

h a v i n g   j u s t  one peak o r  maximum t h e s e   c u r v e s   i l l u s t r a t e   t w o   r e f l e c t i n g  

p e r l o d s   o f   i n c r e a s e d   d i l u t i o n   d u r i n g   f r e s h e t  and in tense  concent ra t ion  

dur ing   the   low  f low  per iods   o f   w in te r .  

The percent   occurences   o f   s i l i ca te ,   F igure  4 ,  a g a i n   s i g n i f i e s  changes i n  

r i v e r   c h e m i s t r y   p o s s i b l y  due t o  treatment  processes. The median  observed 

i n  each of   the  annual   d is t r i .but ions  f rom 1980 t o  1982 f a l l   a p p r o x i m a t e l y  

i n   t h e  same a rea   o r   i n te rva l .   Ac tua l l y   t hese   d i s t r i bu t i ons   appear   ve ry  

s i m i l a r   i n   b o t h   l o c a t i o n  and d i s p e r s i o n .   I n  1975 the  median i s  observed 

sl ight ly  h igher  than  determined  in  the  subsequent  years,   however,   the 

amount o f   v a r i a t i o n  i s  s i g n i f i c a n t l y   d i f f e r e n t .   P r i o r   t o   p r o p e r   e f f l u e n t  

d isposa l   p rac t ices  a substant ia l   percentage o f  samples  had concentrat ions 

i n   t h e  range  o f   9-12  mg/ l .   In   the  la ter   years,   the  d ispers ion  pat tern i s  

reduced and v a r i a b i l i t y  due  more t o  seasonal f l u x   t h a n  t o  a point   source 

va r iab i   11   t y .  

8 A c u m u l a t i v e   p r o b a b i l i t y   d i s t r i b u t i o n  i s  an a l t e r n a t e  method  used t o  

desc r ibe   o r   g raph ica l l y   d i sp lay   da ta .  Such a technique  again  a l lows us 

t o  ana lyse   the   da ta   g raph ica l l y  f o r  no rma l i t y  and t o  e s t i m a t e   v i s u a l l y  

the  mean and s tandard  dev iat ion.  When a cumula t ive   normal   d is t r ibu t ion  

i s   p l o t t e d  on p r o b a b i l i t y  paper   the  p lo t  will roughly  l i e  on a s t r a i g h t  
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l i n e .  As shown i n   F i g u r e  5 the  untransformed  total   phosphorus 

d i s t r i bu t i ons   a re   f a r   f rom  no rma l ,  however they do ind ica te   depar tu res  

f rom  normal i ty  and t h e   u n d e r l y j n g   d i s t r i b u t i o n s .  

An e s t i m a t i o n   o f   t h e  mean i s  approximated  by a graphic  measure o f   t h e  

median.  This I s  accomplished by drawing a pe rpend icu la r   l l ne   f rom  the  50 

percent mark on t h e   p r o b a b i l i t y   s c a l e   ( o r d i n a t e )   t o   t h e   c u m u l a t i v e  

frequency  curve and t h e n   t o   t h e   c o r r e s p o n d i n g   c o n c e n t r a t i o n   l i s t e d   a l o n g  

the  abscissa. The s tandard  dev iat ion i s  ob ta ined  by   s im i la r  methods 

us ing   i ns tead   t he   i n te rsec t i ons  o f  15.9  percent  and 84.1 percent wi th  t h e  

cumulative  curve  (Sokal and Rohlf,  1969). I n   F i g u r e  5 ,  the  cumulat ive 

d i s t r i b u t i o n   o f   t o t a l  phosphorus  estimated i n  1975 before  upgrading and 

imp1 

the  

the  

mg/l 

emen ta t i on   o f   t rea tmen t   f ac i l i t i es  i s  s i g n i f i c a n t l y   d i f f e r e n t   t h a n  

1980-82 d i s t r i b u t i o n s   s i g n i f y i n g   t h e   p o s t   t r e a t m e n t   p e r i o d .  I n  1975 

estimated  median was approximately  0.85  mg/l compared t o  about 0.10 

shown i n   t h e  1980-82 d i s t r i b u t i o n s .   G r a p h i c a l l y   a n a l y s i n g   t h e   d a t a  

shows a s i m i l a r i t y  between the   cumula t ive   f requenc ies   ca lcu la ted  i n  

1980-82. Each d i s t r i b u t i o n  demonstrates  the same p a t t e r n   w i t h  comparable 

means (medians) and s tandard   dev ia t ions   except   fo r   the   s l igh t   depar tu re  

a t   h lghe r   concen t ra t i ons .  However, i n  t h i s  reg ion  s ing le  va lues  or  

o u t l i e r s  can make apprec iab ly  changes i n   t h e   t a i l  percentages,  therefore 

the   reg ion  between the   cumula t ive   f requenc ies   o f  25 t o  75 pe rcen t   a re   f a r  

more s i g n i f i c a n t .   I n   t h e  1975 d i s t r i b u t i o n   h i g h e r   l e v e l s   o f   t o t a l  

phosphorus  are  noted was found  using  the  h istogram. 

This p a t t e r n  i s  a l s o  shown i n   t h e   c u m u l a t i v e   d i s t r i b u t i o n s   o f   f l u o r i d e  

(F igu re  6). The p r o b a b i l i t y   o r  chance t h a t  a sample t a k e n   a t  random  had 

1 
I 
1 
I 

I 
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a f l u o r i d e   c o n c e n t r a t i o n  between  0.5 and 1.5  mg/l  would  be 40 percent i n  

1975; less   than 0.1  percent i n  1980;  13 p e r c e n t   I n  1981;  and 24 percent 

i n  1982. Another way of  expressing t h i s  would be t h e   p r o b a b i l i t y   o f  

samples w i th   concen t ra t i ons   l ess   t han  1 .5  mg/l  are 65 percent i n  1975; 

99.9  percent I n  1980; 93 percent i n  1981  and 96  percent i n  1982. For 

s i l i c a t e   ( F i g u r e  7)  t h e   r e s u l t s   a r e   n o t  as graphic  as those shown f o r  

phosphorus  and f l u o r i d e   o r  even i n  frequency  polygons, however 

s t a t i s t i c a l l y  as determined I n   t h e   f o l l o w i n g   s e c t i o n   t h e r e   i s  a 

s i g n i f i c a n t   d i f f e r e n c e .  

T e s t   S t a t i s t i c s  

Determin ing  the  equal i ty  o f  means from  Independent samples I s  a comnon 

s t a t i s t i c a l   a n a l y s i s .   S e v e r a l  methods  can  be u t i l i z e d   t e s t i n g   b a s i c a l l y  

t h e  same hypothesis however t h e y   a r e   s u b s t a n t l a l l y   d i f f e r e n t  i n  t h e  

slopes o f  t h e i r  power cu rve ,   c r i t l ca l   va lues ,  and robustness. I n   t h i s  

repo r t   f i ve   t echn iques  were app l i ed   t o   t he   da ta   se ts   t o   de te rm ine  and 

i d e n t i f y   d i s t r i b u t i o n a l   p r o p e r t i e s   f o r  each var iab le .  

Non-parametric methods a re   genera l l y   no t  as powerfu l  as t h e i r   p a r a m e t r i c  

equ iva len ts   espec ia l l y  when the  assumptions o f  t h e   p a r a m e t r i c   t e s t   h o l d  

true.  Procedures  such as t h e   K r u s k a l - W a l l i s   t e s t   a r e   p a r t i c u l a r l y   u s e f u l  

when unce r ta in t y   ex i s t s   conce rn ing   t he   sa t i s fac t i on  o f  assumptions o r   i n  

l o o k i n g   a t   t h e   f o r m  o f  t he   popu la t i on   f requency   d i s t r i bu t i on   i ns tead  'of  

speci f ic   populat ion  parameters.  

I 
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The n u l l   h y p o t h e s i s   o f   t h e   K r u s k a l - W a l l i s   t e s t   s t a t e s   t h a t   t h e   l o c a t i o n  

parameters  of  the  populat ions  do  not  dif fer  between  the  samples.  For  our 

da ta   se t ,   th is   hypothes is  i s  re jec ted   s ince  each t e s t   s t a t i s t i c  ( H )  

ca lcu la ted  i s  grea te r   t han   t he   l eve l   o f   s i gn i f i cance   de te rm ined   f rom  the  

ch i - square   d i s t r i bu t i on .  The p o p u l a t i o n   d i s t r i b u t i o n s   f o r  each v a r i a b l e  

du r ing  each year i s  s i g n i f i c a n t l y   d i f f e r e n t ,   i n d i c a t i n g  a d e f i n i t e  change 

i n  the  mean o f   t o t a l  phosphorus, f l u o r i d e  and s i l i c a t e   c o n c e n t r a t i o n s  

between  the  years. 

The n e x t   s t a t i s t i c  used t o   t e s t   t h e   e q u a l i t y  o f   the   popu la t ion  means  was 

t h e  ANOWA F-s ta t i s t i c .   Th i s   a l t e rna te   app roach   aga in   i nd i ca tes  a 

significant added var iance component. among the  group means ( 'F, p< 

0.05) f o r   a l l   t h r e e   v a r i a b l e s .   U n l i k e   t h e   K r u s k a l - W a l l l s   t e s t   t h e  ANOVA 

i s  a paramet r ic   s ta t i s t i c   w i th   under ly ing   assumpt ions   (1 .e .  homo- 

scedas t i c i t y ) .  

Levene's s t a t i s t i c  i s  u s e f u l   i n   t e s t i n g   t h e   e q u a l i t y   o r  homogeneity o f  

var iances,  of ten assumed i n  many o f   t h e   s t a t i s t i c a l   p r o c e d u r e s .  Brown 

and Forsythe  (1974b)  determined  that   Levene's  stat ist ic was robust  under 

non-normal i ty.  The v a r i a n c e s   o f   t h e   d a t a   s e t s   a r e   s i g n i f i c a n t l y  

heterogeneous  since P < 0.05. 

The consequences of   heterogenei ty   o f   var iances i s  a s e r i o u s   v i o l a t i o n  o f  

t h e  one way ana lys is   o f   var iance.  When l o o k i n g   a t   t h e   o v e r a l l   t e s t   o f  

s i g n i f i c a n c e  however,  methods t e s t i n g   t h e   e q u a l i t y   o f  means on t h e  

assumpt ion  o f   heterogenei ty   o f   var iances I s  an a l te rna te   app roach   t o  
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. .  

ob ta in  a more power fu l   es t imator .  Two more robus t   tes ts   a re   the   mod i f ied  

F s t a t i s t i c  proposed  by  Brown-Forsythe and t h e  Welch s t a t i s t i c .  Each 

t e s t   a p p r o x i m a t e s   t h e   d i s t r i b u t i o n   o f  i t s  est imate  by  that   o f  Snedecor F 

w i th   respec t   to   unequa l   popu la t ion   var iances .  

60th s t a t i s t i c s  have  been shown t o  be robust   under   heteroscedast lc i ty  

(Brown  and Forsythe  1974a). The choice  between  them depends  on , t h e  

magn i tude.   o f   the i r  means and s tandard  er rors .  As shown i n  the  Tables 1 

t o  3 ,  bo th   t es ts  showed s i g n i f i c a n t   d i f f e r e n c e s  between means. 

The resu l t s   f rom each s t a t i s t i c a l   t e s t   a p p l i e d   t o   t h e   d a t a   s e t s   i n d i c a t e  

t h e  means d i f f e r   f r o m  each o t h e r   t o  such  an e x t e n t   t h a t  we must assume 

they  were sampled f rom  d i f f e ren t   popu la t i ons .  These r e s u l t s   a r e  shown i n  

Tables 1 t o  3.  The p r o b a b i l i t y   o f  each t e s t   s t a t i s t i c  i s  c a l c u l a t e d   t o  

be less   than 0.001 wi th in  t h e   r e j e c t i o n   r e g i o n   o f   t h e i r   s p e c i f i c  

f requency   curves .   Overa l l ,   the   resu l ts   ind ica te  a d e f i n i t e  change i n   t h e  

concent ra t ion   o f   the   th ree   var iab les   phosphorus ,   f luor ide ,  and s i l i c a t e  

du r ing   t he  sampled years  1975  and  1980-82. 

The r e s u l t s  show s i g n i f i c a n t  decreases i n  the   concent ra t ion  of  t o t a l  

phosphorus  from a mean i n  1975 o f  0.63  mg/l t o   l e s s   t h a n  0.11  mg/l I n   t h e  

pe r iod  1980-82. The average  concentrat ions of  f l u o r i d e  i n  1975 was 

2.86 mg/l  and  reduced t o   l e s s   t h a n  0.25 mg/l i n  1980-82. S i l i c a t e  

concentrat lons  were  also  reduced  from 7.47 mg/l  (1975) t o   l e s s   t h a n  6.29 

mg/l  (1980-82). These concentrat ion  decreases  were  the  resul t .   o f   the 

changes i n  wastewater  treatment and hand l ing  by t he  Cominco operat ions I n  

the  Kimberley  area. 
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Table 1 S t a t i s t i c a l  ' Comparison o f   T o t a l  Phosphorus  Concentrations 
Between  Years. Numbers Shown i n  Parenthes is   a re   in   mg/ l ,  All 
Other  Values  Are  Natural Logarithmic  Transforms 

~ ~ ~ ~~~~~~~~~~~ 

STATISTIC 1975  1980  1981  1982 
i .C  

Mean -0.461  -2.807  -2.198  -3.153 
( 0.630) ( 0.060) (0.111) ( 0.042) 

Standard 
Dev ia t i on  1.045 0.695  0.937  0.758 

Ma x i mum 1.563  -0.654  0.652  -2.408 
Value  (4.775)  (0.520) (1  -920)  (0.089) 

Minimum  -3.61  2  -4.382  -4.01 7 -4.423 
Value (0.027) (0.013) (0.018) (0.012) 

Number o f  
Observations  142 501 322 52 

TEST STATISTIC 
DEGREES 

TESTS VALUE  OF  FREEDOM PROBABILITY 

A. Kruska l -Wal l i s  (H) equal 1 t y  383.91  3 0.000 
, (non-parametr ic)  o f  means 

8. ANOVA (F)  equal 1 t y  310.95  3  1013 0.000 
(paramet r ic )  o f  means 

C. Levene (oo) equal i t y  9.97  3  1013 0.000 
( robus t )  o f  var iances 

D .  Brown-Forsythe  (F*)   equal i ty 279.29  3 407 0.000 
( r o b u s t )   o f  means 

E. Welch ( W )  
( robus t )  

equal i t y  235.30  3  195 0.000 
o f  means 
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Table 2 S t a t i s t i c a l  Comparison o f   F luor ide   Concent ra t ions  I Between 
Years. Numbers  Shown I n  Parenthesis  are i n  mg/l, All Other 
Values  Are  Natural  Logarithmic  Transforms 

STATIST IC  1975  1980  1981  1982 

Mean 1 .os1 
(2.86) 

-1.947 
(0.143) 

-1.407 
(0.245) 

-1 -431 
( 0.240) 

Standard 
Dev ia t i on  1.151 0.435 0.921 1.551 

Ma x 1 mum 
Va 1 ue 

2.104 
(8.20) 

-0.744 
(0.475) 

0.626 
(1.870) 

0.693 
(2.00) 

Minimum 
Va 1 ue 

-0.580 
(0.560) 

-2.781 
(0.062) 

-2.996 
(0.051) 

-2.996 
(0.051) 

Number o f  
Observations 28 432 241 54 

DEGREES I 
TEST STATISTIC TESTS VALUE  OF  FREEDOM PROBABILITY 

I 
A. Kruskal-Wal l is  (H )  equal 1 t y  179.81 3 0.000 

B. ANOVA (F) equal i t y  144.50 3 751 0.000 I 
C. Levene (o0)  equal i t y  102.95 3  751 0.000 I 

(non-parametric) o f  means 

(paramet r ic )  o f  means 

( robus t )   o f   var iances  

0.  Brown-Forsythe  (F*)  equality 62.08 3  111 0.000 
( r o b u s t )   o f  means 

E. Welch ( W )  
( robus t )  

equal i t y  
o f  means 

89.94 3  86 0.000 
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Table 3 S t a t i s t i c a l  Comparison o f   S i l i c a t e   C o n c e n t r a t i o n s  Between 
Years. Numbers Shown i n  Parenthes is   a re   In   mg/ l ,  All Other 
Values  Are  Natural  Logarithmic  Transforms 

STATISTIC . 1975  1980  1981  1982 
,' : < 

I ,  

. . .  

M e a n  

Standard 
Devi a t  i on 

Ma x i mum 
Value 

Minimum 
Va 1 ue 

Number o f  
Observations . .  

2.011 
(7.47) 

0.334 

2.485 
(12.0) 

1  -386 
(3.90) 

46 

1 .71'0 
(5.52) 

0.101 

1.917 
(6.80) 

1.569 
(4.80) 

432 

1.839 
(6.29) 

0.112 

2.028 
(7.60) 

1  .569 
(4.80) 

309 

1.821 
(6.17) 

0.075 

1.91 7 
(6.80) 

1.705 
( 5 . 5 0 )  

54 

I 
I 
I 
I 

DEGREES 
TEST STATISTIC TESTS VALUE OF FREEDOM PROBABILITY 

I 
! 

I 

A. .Kruska l -Wal l i s  (H) 
(non-parametric) 

8. ANOVA (F) 
(parametr ic)  

C. Levene (o0) 
( robus t )  

0. Brown-Forsythe ( F * )  
( robus t )  

E. Welch (W)  
( robust.)  

equal 1 t y  232.25 3 
o f  means 

equal 1 t y  118.25  3 837 
o f  means 

equal i t y  98.84  3 837 
o f  var iances 

equa1.i t y  46.44 3  62 
o f  means 

e q u a l i t y  105.22  3  130 
o f  means 

0.000 

0.000 

0.000 

0.000 

0.000 
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SUMHARY 

I n  summar i z ing   t he   s ta t i s t i ca l  methods  used i n  t h i s   r e p o r t ,   t h e   o n e -  way 

ana lys ls   o f   var iance (ANOVA) i s  a p o w e r f u l   s t a t i s t i c  of  t e s t  however i t  

I s  s e n s i t i v e   t o   t h e   l a c k   o f  homogeneity wi th in   group  var iances.  To t e s t  

the  homoscedast lc i ty  (1.e.   lack o f  homogeneity w i th in   g roup  var iances)  we 

used Levene's t e s t   s t a t i s t i c  (o0)  and  found I t t o  be s i g n i f i c a n t .  

The Kruska l -Wa l l i s   t es t  I s  a non-paramet r ic   s ta t i s t i ca l   p rocedure  

p a r t i c u l a r l y   u s e f u l  when uncer ta in ty   ex is ts   concern ing  assumpt ions 

under ly ing   paramet r ic   tes ts .  This method  along wi th  the  Brown-Forsythe 

and  Welch s ta t i s t i c   a re   robus t   under   cond l t l ons  o f  non-normal l ty and 

use fu l   i n   de te rm in ing   t he   f o rm  o f   t he   popu la t i on   f requency   d i s t r i bu t i on .  

The Brown-Forsythe  or Welch t e s t s   a r e   a l s o   e f f e c t i v e   c o n s i d e r i n g   t h e  

smal l  loss i n  power,  even when the  populat ion  var iances  are  equal .  

All o f  the  techniques  descr ibed  herein  suggest a s i g n i f i c a n t  change i n  

: w a t e r ,   q u a l i t y ,   a t   l e a s t   f o r   t h e ,   t h r e e   v a r l a b l e s  we considered. These 

changes r e f l e c t  decreases i n  phosphorus s i l i c a t e  and f l u o r i d e  

concentrat ions i n  t h e  S t .  Mary River  between  1975 and  1980-1982. Dur ing 

t h i s  i n t e r v a l   e f f l u e n t   d i s p o s a l   p r a c t i c e s  were  improved  and a t reatment  

f a c i l i t y  was b u i l t .  The concent ra t ion  and d l s t r i b u t i o n a l  changes 

descr ibed  here   re f lec t   the   e f fec t i veness   o f   these  ac t ion .  
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