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F o r  n e a r l y  50 y e a r s ,  e f f l u e n t s  from p u l p  and p a p e r  m i l l s  have 
been known t o  be  t o x i c  t o  f i s h  and o t h e r  a q u a t i c  a n i m a l s .  L e t h a l  
c o n c e n t r a t i o n s  have been d e t e r m i n e d  f o r  several  s p e c i e s  o f  f i s h  
and o t h e r  o rgan i sms .  Many f a c t o r s- - s u c h  as w a t e r  t e m p e r a t u r e ,  
age  of  f i s h ,  and a d d i t i o n a l  s t r e s s e s - - a f f e c t  t h e  a b i l i t y  o f  f i s h  
t o  w i t h s t a n d  p o l l u t i o n .  K r a f t  m i l l  wastes a re  g e n e r a l l y  more 
t o x i c  t h a n  s u l f i t e  wastes .  The h i g h  b i o l o g i c a l  oxygen demand of 
s u l f i t e  wastes i s  o f t e n  more s e r i o u s  t h a n  t h e  chemica l  t o x i c i t y  
of t h e  e f f l u e n t s .  S t u d i e s  on t h e  e f f e c t  o f  k r a f t  e f f l u e n t s  on 
i n v e r t e b r a t e s  show t h a t  none o f  them are  more s e n s i t i v e  t h a n  
j u v e n i l e  sa lmonids  and some species are more r e s i s t a n t .  F i s h  
h a b i t a t  may also be a f f e c t e d  by m i l l  s t a c k  e m i s s i o n s .  High 
c o n c e n t r a t i o n s  o f  s u l f u r  d i o x i d e  may damage o r  k i l l  trees and 
o t h e r  v e g e t a t i o n .  The e f f e c t  of l o g g i n g  camps on f i s h  h a b i t a t  
i s  l a r g e l y  unknown. 

KEYWORDS: Pulp /paper  i n d u s t r y ,  t o x i c  effects  ( b i o c i d e ) ,  wood 
wastes, f i s h  h a b i t a t ,  w a t e r  q u a l i t y .  
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This is one of a series of publications summarizing knowledge 
about the influences of forest and rangeland management on anadromous 
fish habitat in the Western United States. This paper addresses the 
effects of processing mills and camps on anadromous fish habitat. 
Our intent is to provide managers and users of the forests and 
rangelands of the Western United States with the most complete 
information available for estimating the consequences of various 
management alternatives. 

In this series of papers, we summarize published and unpublished 
reports and data as well as observations of resource scientists and 
managers. These compilations should be valuable to resource managers 
in planning uses of forest and rangeland resources, and to scientists 

as a bibliography on forest and rangeland resources and their uses. 
in planning future research. The extensive lists of references serve 

Previous publications in this series include: 

1. "Habitat requirements of anadromous salmonids," 
by D. W. Reiser and T. C. Bjornn. 

2. "Impacts of natural events," by Douglas N. Swanston. 

4 .  "Planning forest roads to protect salmonid habitat," 
by Carlton S. Yee and Terry D. Roelofs. 
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COMMON AND SCIENTIFIC NAMES OF TROUTS, FAMLY SALMONIDAEL' 
~~ ~~~ ~~~ ~~~ 

Common name S c i e n t i f i c  name 

P ink  salmon 
Chum salmon 
Coho salmon 
Sockeye salmon (kokanee)  
Chinook salmon 
C u t t h r o a t  t r o u t  
Rainbow ( s t e e l h e a d )  t r o u t  
A t l a n t i c  salmon 
Brown t r o u t  
A r c t i c  c h a r  
Brook t r o u t  
D o l l y  Varden 
Lake t r o u t  

Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
SaZmo c Z m k i  

gorbuscha (Walbaum) 
keta (Walbaum) 
k isu tch  (Walbaum) 
nerka (Walbaum) 
t s kmy t scha  (Walbaum) 
Richard son 

Sazmo gairdneri Richardson 
SaZmo salar Linnaeus 
Sa Zmo t r u t t a  Linnaeus 
SaZveZinus aZpinus (Linnaeus) 
Salve Zinus f o n t i n a l i s  ( M i t c h i l l )  
SaZveZinus matma (Walbaum) 
SaZvezinus nwnaycush (Walbaum) 

- '' From "A L i s t  of Common and S c i e n t i f i c  N a m e s  of F i s h e s  f r o m  t h e  
Uni ted  S ta tes  and Canada,"  American F i s h e r i e s  S o c i e t y  S p e c i a l  
P u b l i c a t i o n  N o .  6 ,  T h i r d  E d i t i o n ,  1 9 7 0 ,  1 5 0  p.  



INTRODUCTION 
Many p u l p  and pape r  m i l l s  

i n  Nor th  America are e i t h e r  on 
o r  n e a r  t i d a l  e s t u a r i e s  o r  on 
r i v e r s  a d j a c e n t  t o  e s t u a r i e s .  
The anadromous f i s h  t h a t  m i g r a t e  
t h rough  t h e s e  e s t u a r i e s  and 
r i v e r s  are v a l u a b l e  f o r  commer- 
c ia l  and s p o r t  f i s h i n g .  In-  
e v i t a b l y  some of t h e s e  f i s h  
c o n t a c t  m i l l  e f f l u e n t s  a t  some 
c o n c e n t r a t i o n  . 

For  n e a r l y  5 0  y e a r s ,  w e  
have  known t h a t  e f f l u e n t s  from 
p u l p  and p a p e r  m i l l s  may be 
t o x i c  t o  f i s h  and o t h e r  a q u a t i c  
an ima l s .  E f f l u e n t s  from bo th  
k r a f t  and s u l f i t e  m i l l s  are 
complex m i x t u r e s  t h a t  d i f f e r  
g r e a t l y  i n  t o x i c i t y ,  depending 
on  many f a c t o r s .  The t o x i c i t y  
o f  m i l l  e f f l u e n t s  r e s u l t s  from 
t h e  combined a c t i v i t y  of a 
number of  chemica l s ,  some of 
which have n o t  been comple t e ly  
i d e n t i f i e d .  I n  a d d i t i o n  t o  
a c u t e  t o x i c i t y ,  p u l p  and pape r  
m i l l  e f f l u e n t s  may be harmful  
t o  f i s h  and o t h e r  a q u a t i c  
a n i m a l s  because  of t h e i r  b i o-  
l o g i c a l  oxygen demand. High 
c o n c e n t r a t i o n s  of wood s u g a r s  

i n  m i l  1 ’ wastes r e q u i r e  oxygen 
d u r i n g  decomposi t ion ;  hence,  as 
t h e  s u g a r s  are s t a b i l i z e d ,  
d i s s o l v e d  oxygen i n  t h e  re- 
c e i v i n g  water i s  r a p i d l y  de-  
p l e t e d .  D i s so lved  oxygen i s  
r e q u i r e d  by a l l  a q u a t i c  an ima l s  
e x c e p t  a n a e r o b i c  bacteria. 

The d i f f i c u l t y  o f  sepa- 
r a t i n g  e f f e c t s  of chemical  
t o x i c i t y  from e f f e c t s  of bio- 
l o g i c a l  oxygen demand, and t h e  
i n a b i l i t y  t o  i d e n t i f y  t h e  
chemica l  c o n s t i t u e n t s  of e f -  
f l u e n t s ,  have compl i ca t ed  
p o l l u t i o n  e v a l u a t i o n  s t u d i e s  i n  
t h e  p a s t .  The r e c e n t  develop-  
ment and t e s t i n g  of  r e p r o d u c i b l e  
b i o a s s a y  p r o c e d u r e s  h a s  dramat-  
i c a l l y  changed t h i s  s i t u a t i o n .  
S imple ,  a c c u r a t e ,  and s e n s i t i v e  
b i o l o g i c a l  a s s e s s m e n t s  are now 
p o s s i b l e  (Walden 1 9 7 6 ) .  

The a c u t e  t o x i c i t y  o f  
v a r i o u s  p u l p  and p a p e r  m i l l  
e f f l u e n t s  i s  o f t e n  q u i t e  l o w ,  
D e s p i t e  t h e i r  low t o x i c i t y ,  
p u l p  and pape r  d i s c h a r g e s  may 
have  a h i g h  impact  on  r e c e i v i n g  
waters because  of t h e  tremen-  
dous  volumes d i s c h a r g e d .  

C o n s i d e r a b l e  t e c h n o l o g i c a l  
p r o g r e s s  i n  t h e  p a s t  decade  h a s  
reduced  harmful  e f f l u e n t s .  
Modern m i l l s  t h a t  meet F e d e r a l  
and  State  r e q u i r e m e n t s  f o r  
p o l  l u t i o n  aba tement  d i f f e r  
s u b s t a n t i a l l y  from t h e  m i l l s  
t h a t  o p e r a t e d  2 0  o r  30 y e a r s  
ago  . 

Many of t h e  logg ing  camps 
i n  Alaska and B r i t i s h  Columbia 
are c l o s e l y  a s s o c i a t e d  w i t h  
p u l p  and p a p e r  m i l l s  because  
much o f  t h e  h a r v e s t e d  t i m b e r  
g o e s  t o  t h e  m i l l s .  Because of 
t h i s  c l o s e  a s s o c i a t i o n ,  a 
d i s c u s s i o n  of camps and t h e i r  
p o t e n t i a l  e f f e c t s  on anadromous 
f i s h  h a b i t a t  i s  i n c l u d e d  i n  
t h i s  pape r .  
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PROCESSING MILLS 
TOXICITY OF EFFLUENTS 

The t o x i c i t y  of  e f f l u e n t s  
from p u l p  and pape r  m i l l s  h a s  
been  s t u d i e d  f o r  many y e a r s .  
Some of t h i s  work was on t h e  
e f f e c t s  of  p u l p  e f f l u e n t s  on 
sa lmonid  f i s h e s  (Dimick and 
Haydu 1952, Lasater  1953, 
W i l l i a m s  e t  a l .  1953, A l d e r d i c e  
and  B r e t t  1957,  Van Horn 1958, 
Waldichuk 1960,  Howard and 
Walden 1965, S e r v i z i  e t  a l e  
1968) .  

A g e n e r a l  review o f  t h e  
env i ronmen ta l  e f f e c t s  of  p u l p  
and p a p e r  wastes h a s  been 
p r e p a r e d  by Marier ( 1 9 7 3 ) .  Van 
Horn (1961 ,  1971)  reviewed t h e  
p u l p  and pape r  i n d u s t r y  a s  it 
a f f e c t s  a q u a t i c  b io logy .  Walden 
( 1 9 7 6 )  p u b l i s h e d  an  e x c e l l e n t  
rev iew on t h e  t o x i c i t y  o f  e f -  
f l u e n t s  from p u l p  and pape r  
m i l l s .  

E f f l u e n t s  from bo th  k r a f t  
and s u l f i t e  m i l l s  a re  complex 
m i x t u r e s  t h a t  d i f f e r  g r e a t l y  i n  
t o x i c i t y  depending on many f a c-  
t o r s .  Because a l l  chemical  
c o n s t i t u e n t s  have n o t  been iden-  
t i f i e d ,  t h e  e f f e c t s  must be 
a s s e s s e d  b i o l o g i c a l l y .  Several 
s p e c i e s  of f i s h  and many o t h e r  
a q u a t i c  o rgan isms  have been used 
f o r  t e s t  pu rposes  (Dimick and 
Haydu 1952, Lasater  1953 ) .  
Labo ra to ry  b i o a s s a y s  have been  
used t o  p r e d i c t  t o x i c i t y  under  
c o n d i t i o n s  i n  n a t u r a l  ecosystems.  
The d e f i n i t i o n  of r e p r o d u c i b l e  
b i o a s s a y  p r o c e d u r e s  h a s  been a n  
i m p o r t a n t  s t e p  i n  making b io-  
a s s a y s  u s e f u l  (Walden 1 9 7 6 )  . 
Simple ,  a c c u r a t e ,  and s e n s i t i v e  
b i o a s s a y s  a re  now p o s s i b l e .  Data 
a re  c o n v e r t e d  i n t o  t o x i c  u n i t s ,  
which may be compared d i r e c t l y ,  
even  though b i o a s s a y  p rocedu re s  
may va ry .  Maximum accu racy  i s  
ach i eved  w i t h  50 p e r c e n t  f i s h  
s u r v i v a l .  Most t o x i c i t y  tes ts  
r e q u i r e  a t  leas t  2 4  h o u r s '  ex-  
p o s u r e  t i m e  (Walden 1 9 7 6 ) .  

Fo r  p u l p m i l l  e f f l u e n t s ,  
chemica l  a s s a y s  are  n o t  f e a s i b l e .  
Some t o x i c a n t s  have n o t  y e t  been 
i d e n t i f i e d ;  consequen t ly ,  t h e y  
c a n n o t  be a s sayed  chemica l l y .  
Chemical a s s a y s  would o n l y  be 
u s e f u l  i f  t h e y  cou ld  be corre- 
l a t e d  w i t h  b i o l o g i c a l  r e s p o n s e s .  

Because of t h e  low con- 
c e n t r a t i o n  of t o x i c a n t s  i n  
e f f l u e n t s  from p u l p  and pape r  
m i l l s ,  l a r g e  amounts of e f f l u e n t  
must  be used i n  s o l u t i o n s  t o  be 
b i o a s s a y e d  . The h igh  b i o l o g i c a l  
oxygen demand of t h e s e  s o l u t i o n s  
r e q u i r e s  oxygena t i on  t o  m a i n t a i n  
f i s h  r e s p i r a t i o n  d u r i n g  t h e  tes ts  
(Walden 1976)  . 
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EFFLUENTS OF KRAFT MILLS 

Repor ted  t o x i c i t y  of k r a f t  
wastes t o  f i s h  dates  back t o  t h e  
work of E b e l i n g  (1931)  i n  Sweden. 
Many workers  s i n c e  t h e n  have 
conf i rmed  t h a t  c o n c e n t r a t i o n s  of 
k r a f t  m i l l  e f f l u e n t s  needed t o  
k i l l  f i s h  ranged from 1 0  t o  1 0 0  
p e r c e n t  . 

The f i rs t  s t u d i e s  w i t h  
sa lmonids  (Dimick and Haydu 1952)  
demons t ra t ed  t h a t  sodium hy- 
d r o x i d e ,  methyl  mercaptan ,  
sodium s u l f i d e ,  and hydrogen 
s u l f i d e  were t o x i c  ( t a b l e  1) .  

Seven p u l p m i l l s  were mon- 
i t o r e d  d a i l y  f o r  4 0  days  t o  
d e t e r m i n e  t h e  amount and dur-  
a t i o n  of e f f l u e n t  t o x i c i t y .  A l l  
sewers i n  t h e  k r a f t  m i l l s  
c o n t a i n e d  t o x i c  chemica l s ,  and 
s u b s t a n t i a l  d a i l y  v a r i a t i o n  i n  
t o x i c i t y  was common. T o x i c i t y  
levels of  e f f l u e n t s  seldom 
remained c o n s t a n t  more t h a n  1 2  
h o u r s  and o f t e n  v a r i e d  more 
f r e q u e n t l y  (Howard and Walden 
1 9 7 1 )  . 

Howard and Walden ( 1 9 6 5 )  
s t u d i e d  t h e  t o x i c i t y  of streams 
w i t h  k r a f t - p r o c e s s  e f f l u e n t s  t o  
g u p p i e s ,  Poeci l ia  r e t i c u l a t a  
(Pe te rs ) ,  and  sockeye salmon i n  
f r e s h  water a t  n e u t r a l  pH. A s  
much as 75 p e r c e n t  of  t h e  
m o r t a l i t y  r e p o r t e d  by p r e v i o u s  
a u t h o r s  w a s  caused  by a n  i m-  
b a l a n c e  i n  pH. F i s h  acclimated 

t o  i n c r e a s i n g  c o n c e n t r a t i o n s  of  
e f f l u e n t s  i n  a f e w  days .  T e s t  
f i s h  exposed t o  g r a d u a l l y  i n-  
c r e a s i n g  e f f l u e n t  c o u l d  s u r v i v e  
c o n c e n t r a t i o n s  c o n s i d e r a b l y  
h i g h e r  t h a n  t h e  v a l u e s  demon- 
s t ra ted  a s  l e t h a l  i n  t h e  b io-  
a s s a y s .  Thus, c o n c e n t r a t i o n  
v a l u e s  r e l a t e d  t o  v a r i o u s  rates 
o f  m o r t a l i t y ,  such  as LC50 
( 5 0  p e r c e n t  o f  t h e  t e s t  a n i m a l s  
are  k i l l e d ) ,  c a n  be  m i s l e a d i n g .  
Length of exposure ,  o t h e r  stresses 
on t h e  f i s h ,  pH and t e m p e r a t u r e  
o f  t h e  water, age o f  t h e  f i s h ,  
and many o t h e r  f a c t o r s  c a n  
s i g n i f i c a n t l y  a f f e c t  p o l l u t i o n  
c o n c e n t r a t i o n s  n e c e s s a r y  t o  
c a u s e  f i s h  m o r t a l i t y .  

E f f e c t s  of k r a f t  e f f l u e n t s  
o n  i n v e r t e b r a t e s  i n d i c a t e  t h a t  
none are more s e n s i t i v e  t h a n  
j u v e n i l e  sa lmonids  and some 
species are  much more r e s i s t a n t  
(Walden 1976)  . 
SULFITE WASTES 

W i l l i a m s  e t  a l .  (1953)  
f i r s t  demons t ra t ed  t h a t  s u l f i t e  
waste l i q u i d s  were a c u t e l y  t ox i c  
t o  f i s h .  P rev ious  workers  had 
d i f f i c u l t y  d e m o n s t r a t i n g  tox- 
i c i t y ,  o t h e r  t h a n  t h e  e f f e c t s  of 
heavy oxygen demand. Kondo e t  
a l .  ( 1 9 7 3 ) ,  working w i t h  n e u t r a l  
s u l f i t e  semichemical  wastes, 
showed t h a t  t h e y  were abou t  one- 
t h i r d  as t o x i c  as  k r a f t  wastes. 
T o x i c i t y  d i d  n o t  d i m i n i s h  i n  
s t o r a g e  as  it d i d  w i t h  k r a f t  

Table 1- -Threshold c o n c e n t r a t i o n s  (mg/l) of t o x i c a n t s  i n  k r a f t  m i l l  
wastes l e t h a l  t o  sa lmonid  f i s h e s  ( a f t e r  D i m i c k  and Haydu 1 9 5 2 )  

C h e m i c a l  Chinook salmon Coho salmon C u t t h r o a t  t r o u t  

Hydrogen s u l f i d e  
Methyl mercaptan  
Sodium s u l f i d e  
Sodium hydrox ide  
Sodium c a r b o n a t e  
Sodium s u l f a t e  

0 . 3  0 .7  0 .5  
- 5  .7 b9 

1.8 1.3 1.0 
27 11 1 0  
58 4 4  3 3  

-- 10,000 2,500 
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wastes. Hol land e t  a l .  ( 1 9 6 0 )  
found no s i g n i f i c a n t  d i f f e r e n c e  
i n  t o x i c i t y  i n  ammonia-base and 
ca lc ium- base  p u l p i n g  l i q u o r s .  

The t o x i c i t y  t o  f i s h  o f  
s u l f i t e  p u l p i n g  wastes i s  w e l l  
documented, a1 though t h e  d i f  f i- 
c u l t y  i n  s e g r e g a t i n g  t o x i c  
e f f e c t s  from t h o s e  of oxygen 
demand i n d i c a t e s  t h e  l i m i t e d  role 
t o x i c i t y  a l o n e  p l a y s  i n  n a t u r a l  
ecosys tems  (Walden 1 9 7 6 ) .  

L i t e r a t u r e  on t h e  e f f e c t s  
o f  s u l f i t e  wastes on o rgan i sms  
o t h e r  t h a n  f i s h  i s  scarce. The 
a v a i l a b l e  e v i d e n c e  shows t h a t  
b i v a l v e s  are e s p e c i a l l y  s u s c e p t-  
i b l e .  Odlaug ( 1 9 4 9 )  showed t h a t  
c o n c e n t r a t i o n s  as l o w  as  1 0 0  p a r t s  
p e r  m i l l i o n  of s p e n t  s u l f i t e  l i q u o r  
reduced  t h e  pumping r a t e  of Olympia 
o y s t e r s  (Ostrea l u r i d a  C a r p e n t e r )  
by 8 p e r c e n t  a f t e r  immediate 
exposure .  Complete c e s s a t i o n  of  
pumping o c c u r r e d  a f t e r  15 days .  
S t e i n  e t  a l .  ( 1 9 5 9 )  showed t h a t  
c o n c e n t r a t i o n s  of  ammonia-base, 
s p e n t  s u l f i t e  l i q u o r  g r e a t e r  
t h a n  55 p a r t s  per m i l l i o n  af-  
f e c t e d  spawning of o y s t e r s ,  b u t  
lower c o n c e n t r a t i o n s  s t i m u l a t e d  
a c t i v i t y .  O y s t e r s  a p p e a r  t o  be 
more s e n s i t i v e  t o  s p e n t  s u l f i t e  
wastes t h a n  any o t h e r  species 
t e s t e d  (Woelke 1 9 6 7 ) .  

P 

SUBLETHAL EFFECTS OF PULPMILL 
EFFLUENTS 

B i o l o g i s t s  have long  recog-  
n i z e d  t h a t  c o n c e n t r a t i o n s  ap- 
p r o a c h i n g  l e t h a l  amounts of 
p o l l u t a n t s ,  as  de te rmined  i n  
b i o a s s a y s ,  are  n o t  s a f e  f o r  
s u r v i v a l  and main tenance  of f i s h  
s t o c k s .  ( F r y  1 9 7 1 ) .  The r e s u l t s  
of b i o a s s a y s  are  v a l u e l e s s  and 
m i s l e a d i n g  u n l e s s  t h e y  c a n  be 
r e l a t e d  -to c o n c e n t r a t i o n s  pro- 
d u c i n g  no harmfu l  e f f e c t s  t o  t h e  
ecosys tem.  Stresses are cumu- 
l a t i v e ,  and any stress on a n  
o rgan i sm r e d u c e s  i t s  a b i l i t y  t o  
w i t h s t a n d  o t h e r  stresses. 

The known s u b l e t h a l  e f f e c t s  
of p u l p  and p a p e r  e f f l u e n t s  are 
a t t r i b u t a b l e  t o  c o n i f e r o u s  
f i b e r s ,  hydrogen s u l f i d e ,  and 
n o n v o l a t i l e  s o l u b l e  t o x i c  sub- 
s t a n c e s  (Walden 1 9 7 6 ) .  The l a s t  
g r o u p  i s  of major env i ronmenta l  
c o n c e r n  . 

Walden and Howard ( 1 9 6 8 )  
d e s c r i b e d  e f f e c t s  d i s p l a y e d  by 
f i s h  a f t e r  e x p o s u r e  t o  l e t h a l  
c o n c e n t r a t i o n s  of k r a f t  e f -  
f l u e n t :  l o s s  of s c h o o l i n g ,  
r e s p i r a t o r y  d i s t r e s s ,  abnormal 
g i l l  movements, r e l u c t a n c e  t o  
e a t ,  loss  of e q u i l i b r i u m ,  con- 
v u l s i v e  coughing,  e x c e s s i v e  
mucous p r o d u c t i o n ,  a n d  f i n a l l y  
d e a t h .  

J o n e s  e t  a1 . ( 1 9 5 6 )  showed 
t h a t  some s p e c i e s  of salmon 
a v o i d e d  r e g i o n s  c o n t a i n i n g  
p u l p m i l l  waste. Chinook salmon 
were best  able t o  a v o i d  t h e  
waste, coho salmon were less 
a b l e ,  and s t e e l h e a d  t r o u t  showed 
no n o t i c e a b l e  r e a c t i o n .  In-  
c o n s i s t e n t  r e s u l t s  were demon- 
s t r a t e d  i n  some o t h e r  s t u d i e s ,  
such  as  t h o s e  of  Dimick e t  a l .  

4 



( 1957 ) ; salmon sometimes avo ided  
c o n c e n t r a t i o n s  t h a t  a t t r a c t e d  
o t h e r  t e s t  f i s h .  

The a b i l i t y  of f i s h  t o  s w i m  
i s  a f f e c t e d  by p u l p m i l l  wastes 
(Howard 1973, 1 9 7 5 ) .  Howard and 
Walden (1974)  developed t ech-  
n i q u e s  t o  measure swimming; 
speed  and s t a m i n a  d e c r e a s e d  
a f t e r  e f f l u e n t s  r eached  a t h r e s h-  
o l d  c o n c e n t r a t i o n .  

F i s h  growth  may be  a d v e r s e l y  
a f f e c t e d  'by modera te  t o  h i g h  
c o n c e n t r a t i o n s  of  k r a f t  m i l l  
e f f l u e n t s ,  b u t  l o w  c o n c e n t r a-  
t i o n s  s t i m u l a t e d  growth (Webb 
a n d  B r e t t  1972) .  

Schaumburg e t  a l .  (1967)  
s t u d i e d  t h e  e f f e c t s  of s u b l e t h a l  
c o n c e n t r a t i o n s  of  k r a f t  e f f l u e n t  
on  f i s h  r e s p i r a t i o n .  They found 
t h a t  s t r e s s e d  f i s h  r e v e r s e d  t h e  
f l o w  of water p a s t  t h e i r  g i l l s ;  
t h i s  was d e s i g n a t e d  as "coughing.  'I 
Coughing i n c r e a s e d  w i t h  i n c r e a s -  
i n g  c o n c e n t r a t i o n s  of e f f l u e n t s .  

Evidence  of e f f e c t s  of 
s u b l e t h a l  c o n c e n t r a t i o n s  of  
wastes from p u l p  and p a p e r  m i l l s  
o n  o rgan i sms  o t h e r  t h a n  f i s h  i s  
n o t  e x t e n s i v e .  A v a i l a b l e  data  
i n d i c a t e  t h a t  t h e  t h r e s h o l d  a t  
which s u b l e t h a l  c o n c e n t r a t i o n s  
a f f e c t  i n v e r t e b r a t e s  c o r r e s p o n d s  
r o u g h l y  t o  t h a t  a f f e c t i n g  f i s h  
(Walden 1 9 7 6 ) .  

OXYGEN DEMAND 

High c o n c e n t r a t i o n s  o f  wood 
s u g a r s  i n  s u l f i t e  wastes r e q u i r e  
oxygen d u r i n g  decompos i t ion  . 
The oxygen r e q u i r e m e n t s  f o r  
s t a b i l i z a t i o n  of t h e  s u g a r s  
r e s u l t  i n  a h i g h  b i o l o g i c a l  
oxygen demand w h i c h . c a n  r e s u l t  
i n  r a p i d  d e p l e t i o n  of d i s s o l v e d  
oxygen i n  t h e  r e c e i v i n g  water 
(Waldichuk 1 9 6 0 ) .  

K r a f t  m i l l  wastes a lso  
c o n t a i n  h i g h  c o n c e n t r a t i o n s  of  
o r g a n i c  material, b u t  n o t  n e a r l y  
as  much as  i n  s u l f i t e  l i q u o r .  
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Walden ( 1 9 7 6 )  s t a t ed  t h a t  
d i f f i c u l t i e s  i n  s e g r e g a t i n g  
t o x i c  e f f e c t s  from t h o s e  caused  
by oxygen demand emphasize t h e  
l i m i t e d  ro le  t o x i c i t y  p l a y s  i n  
n a t u r a l  s i t u a t i o n s ,  compared t o  
problems a r i s i n g  from p o t e n t i a l  
oxygen d e p l e t i o n .  Thus, t h e  
primary e f f e c t  of  s u l f i t e  wastes 
i s  a p p a r e n t l y  t o  i n c r e a s e  bio-  
l o g i c a l  oxygen demand. 

The d i s s o l v e d  oxygen l e v e l  
r e q u i r e d  t o  s u s t a i n  f i s h  v a r i e s  
c o n s i d e r a b l y ,  b e c a u s e  i t  depends 
o n  o t h e r  f a c t o r s  such as water 
t e m p e r a t u r e ,  s a l i n i t y ,  pH, f i s h  
species,  and o t h e r  stresses on 
t h e  f i s h .  Despite e f f o r t s  t o  
d e c r e a s e  t h e  b i o l o g i c a l  oxygen 
demand of wastes from p u l p  and 
p a p e r  m i l l s ,  t h e  e f f e c t  o f  t h e s e  
wastes on d i s s o l v e d  oxygen 
remains  a problem i n  some 
r e c e i v i n g  waters . 

SUSPENDED SETTLEABLE 
MATERIALS 

Bark,  c h i p s ,  and p u l p  
f i b e r s  c o n c e r n  f i s h e r y  b i o l o-  
g i s t s  and o t h e r s  because  t h e y  
have  long- term e f f e c t s  on t h e  
a q u a t i c  environment .  As t h e s e  
mater ials  b e g i n  t o  cover t h e  
bo t tom,  t h e  r i c h  f a u n a  of  t e n  
found t h e r e  i s  e i t h e r  d e s t r o y e d  
or f o r c e d  t o  move. F i s h  t h a t  
no rma l ly  f e e d  on o r  n e a r  t h e  
bottom a l so  f i n d  t h e  area un- 
a t t r a c t i v e  and move e l s e w h e r e .  
As t h e  o r g a n i c  materials s t a r t  
t o  decompose and d i s s o l v e d  
oxygen i n  t h e  water i s  used up, 
hydrogen s u l f i d e  i s  released.  
The bottom l a y e r  o f  water, w i t h  
l o w  d i s so lved- oxygen  l e v e l s ,  may 
become v e r y  t h i c k  and ,  t h u s ,  
u n s u i t a b l e  f o r  many species o f  
food  f i s h .  T h i s  i s  e s p e c i a l l y  
t r u e  i n  i n l e t s  and o t h e r  re- 
s t r i c t e d  l o c a t i o n s  where s t r o n g  
t i d a l  f l u s h i n g  d o e s  n o t  o c c u r .  



Par t ic les  of  b a r k ,  c h i p s ,  
and f i b e r s  come mainly  from drum 
and h y d r a u l i c  b a r k e r s ,  p a p e r  
machines ,  and from t r a n s f e r r i n g  
c h i p s  from scows t o  t h e  m i l l .  
Bark a l so  s l o u g h s  o f f  l o g s  
d u r i n g  r a f t  t r a n s p o r t  and 
d u r i n g  s t o r a g e  i n  h o l d i n g  ponds. 
L o g - t r a n s f e r  s i tes  o f t e n  c o n t a i n  
heavy accumula t ions  o f  b a r k  and 
o t h e r  wood d e b r i s  (Schaumburg 
1973)  . 

Row and Cook (1971)  found 
t h a t  most of t h e  t o x i c i t y  from 
mechanica l  p u l p i n g  e f f l u e n t s  was 
caused  by r e s i n  a c i d  soaps .  
Wilson (1975)  s t u d i e d  t h e  tox-  
i c i t y  of e f f l u e n t s  from news- 
p r i n t  o p e r a t i o n s .  Biotreated 
e f f l u e n t  had no a d v e r s e  r e a c t i o n  
on  any of t h e  zooplankton and 
i n v e r t e b r a t e s  t e s t e d .  

R a w  wood i s  abou t  h a l f  
c e l l u l o s e  f i b e r s .  Modern m i l l s  
u s e  s e t t l i n g  t a n k s ,  f i l t e r s ,  and 
o t h e r  devices t o  keep f i b e r s  o u t  
o f  r e c e i v i n g  waters . 

Bark accumula t ions  may 
c o n t a m i n a t e  salmon spawning 
grounds  ( S e r v i z i  e t  a l .  1 9 6 8 ) .  
S e r v i z i  and h i s  coworkers  found 
t h a t  t h e  oxygen demand o f  ba rk  
i s  g r e a t  enough and of long 
enough d u r a t i o n  t h a t  eggs  c a n  be 
k i l l e d .  F i n e  b a r k  pa r t i c les  can  
a l s o  c l o g  t h e  g r a v e l ,  c a u s i n g  
egg m o r t a l i t y .  These a u t h o r s  
e s t i m a t e d  t h a t  b a r k  concen-  
t r a t i o n s  of  4 p e r c e n t  and more 
were l i k e l y  t o  i n c r e a s e  egg-to-  
f r y  m o r t a l i t y  because  of  oxygen 
d e p l e t i o n  a t  i n c u b a t i o n  ve lo-  
c i t i e s  of  5 cm/h. Even ba rk  
c o n c e n t r a t i o n s  of  1 p e r c e n t  and 
g r e a t e r  could.  r e t a r d  emergence . 
Egg m o r t a l i t y  i n c r e a s e d  as  b a r k  
a c c u m u l a t i o n s  i n c r e a s e d  and 
water f low d e c r e a s e d .  

Even though b a r k  l e a c h a t e s  
a r e  t o x i c ,  s t u d i e s  by Schaumburg 
( 1 9 7 3 )  showed t h a t  l e a c h a t e s  
from l o g s  i n  n a t u r a l  waters had 
l i t t l e  t o x i c  e f f e c t .  I n  a s t u d y  
o f  woodroom e f f l u e n t s ,  Howard 
and Leach ( 1 9 7 3 )  found t h a t  
softwood s p e c i e s  t ended  t’o be 
more t o x i c  t h a n  hardwood s p e c i e s .  

L e a c h a t e s  from l o g s  a l so  
c o n t a i n  wood s u g a r  and o t h e r  
b i o d e g r a d a b l e  materials t h a t  
exert  a l a r g e  b iochemical  oxygen 
demand (Schaumburg 1 9 7 3 ) .  E x t r a c t s  
of s p r u c e  (Picea s p . )  and hemlock 
(Tsuga sp . )  bark  are a l so  t o x i c  t o  
f i s h , s h r i m p  (Panda lus  s p . )  and 
dungeness  c r a b  (Cancer m a g i s t e r  
Dana) (Buchanan e t  a l .  1 9 7 6 )  . 
Toxic  e f f e c t s  on salmon f r y  were 
obse rved  as soon as 3 h o u r s  
a f t e r  e x p o s u r e  t o  hemlock bark  
e x t r a c t s .  A f t e r  a 96-hour 
e x p o s u r e  a t  a c o n c e n t r a t i o n  of 
56 m i l l i g r a m s  p e r  l i t e r ,  50 
p e r c e n t  of t h e  salmon f r y  were 
k i l  l e d  . Spruce  ba rk  e x t r a c t s  
were c o n s i s t e n t l y  tox ic  t o  a1 1 
i n v e r t e b r a t e s  t e s t e d .  

C o n c e n t r a t i o n s  of l e a c h a t e s  
g r e a t  enough t o  be  t o x i c  a re  
u n l i k e l y  e x c e p t  i n  c e r t a i n  
l o c a t i o n s  w i t h  l i t t l e  or  no 
t i d a l  f l u s h i n g ,  such a s  log-  
h a n d l i n g  and s t o r a g e  areas. 
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AIR POLLUTION 

S t a c k  e m i s s i o n s  from p u l p  
and  p a p e r  m i l l s  c o n t a i n  many 
chemica l s .  Some, such  a s  s u l f u r  
d i o x i d e  ( S O 2 ) ,  can  damage p l a n t s  
i f  c o n c e n t r a t e d  s u f f i c i e n t l y  and 
i f  exposu re  c o n t i n u e s  l o n g  enough 
( F a l l e r  1971,  Linzon e t  a l .  1972,  
C a r l s o n  1 9 7 4 ) .  

S u l f u r  d i o x i d e  i s  a s o l u b l e  
gas r e a d i l y  abso rbed  by f o l i a g e  
th rough  t h e  stomata. Absorp t ion  
c a n  a l s o  o c c u r  t h rough  w e t  l e a f  
s u r f a c e s  (Thomas e t  a l .  1 9 5 0 ) .  
I f  SO2 i s  n o t  removed f r o m  t h e  
a i r ,  it o x i d i z e s  t o  S O 3  and 
becomes a s u l f u r i c  ac id  m i s t .  
T h i s  m i s t  i s  c o r r o s i v e  and c a n  
c a u s e  l e s i o n s  on p l a n t  t i s s u e .  

Conf i rma t ion  of damage t o  
n e e d l e s  by SO2 r e q u i r e s  t h a t  
f o l i a g e  samples  b e  ana lyzed  f o r  
s u l f u r .  H i s t o log i ca l  examina t ion  
o f  n e e d l e s  shows a d i s t i n c t i v e  
syndrome u n l i k e  t h a t  caused  by 
pa thogens ,  d r o u g h t ,  o r  f r e e z i n g .  
S e v e r a l  i n v e s t i g a t o r s  have 
e s t a b l i s h e d  t h a t  h i g h  s u l f u r  
d i o x i d e  c o n c e n t r a t i o n s  can  i n j u r e  
o r  k i l l  p l a n t s  (Thomas e t  a l ,  
1950,  F a l l e r  1 9 7 1 ,  Linzon e t  a l .  
1 9 7 2 ,  Ra t sch  1 9 7 4 ) .  

When m i l l s  a r e  l o c a t e d  n e a r  
r ivers  used  by salmon and o t h e r  
anadromous f i s h ,  t h e y  c a n  a f f e c t  
f i s h  h a b i t a t  t h rough  a i r  pol-  
l u t i o n  t h a t  k i l l s  r i p a r i a n  
v e g e t a t i o n .  S e v e r a l  s t u d i e s  
have  shown t h e  impor t ance  of 
s t r e a m s i d e  v e g e t a t i o n  i n  re- 
d u c i n g  stream t e m p e r a t u r e s ,  
p roduc ing  logs  i n  t h e  stream 
f o r  cover,  and forming  pools 
(Meehan e t  a l .  1 9 7 7 ) .  T r e e s  
a l o n g  s t reambanks  a l s o  h a r b o r  
i n s e c t s  t h a t  d rop  i n t o  streams 
and  a re  e a t e n  by f i s h  and o t h e r  
a q u a t i c  organisms .  

The e x t e n t  and s e v e r i t y  o f  
i n j u r y  t o  r i p a r i a n  v e g e t a t i o n  
r e s u l t i n g  from p u l p m i l l s  depend 
o n  wind p a t t e r n s  and s u r r o u n d i n g  
t e r r a i n  as  w e l l  a s  t h e  amount of 
p o l l u t a n t s  emitted from t h e  
m i l l .  The p r e s e n c e  of a pulp-  
m i l l  d o e s  n o t  g u a r a n t e e  t h a t  
n e a r b y  t rees w i l l  d i e .  I f  
e m i s s i o n s  are n o t  g r e a t  and a i r  
c u r r e n t s  p r o v i d e  mixing ,  SO2 
c o n c e n t r a t i o n s  may n o t  b e  h i g h  
enough t o  c a u s e  damage t o  t rees  
or  o t h e r  p l a n t s  (Ra t sch  1 9 7 4 ) .  
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CAMPS 
Except  i n  Alaska and B r i t -  

i s h  Columbia, l ogg ing  camps are 
n e a r l y  n o n e x i s t e n t  i n  North 
America. A few camps o c c u r  i n  
o t h e r  p l a c e s ,  b u t  t h e y  are 

I u s u a l l y  n o t  permanent .  

About 6 0  l ogg ing  companies 
o p e r a t e  i n  s o u t h e a s t  Alaska 
(Pease 1 9 7 4 ) .  Some have  f l o a t -  
i n g  camps t h a t  are towed from 
one  anchorage  t o  a n o t h e r  b u t  
most are l a n d  based .  They r ange  
i n  s i z e  from a one- family 
o p e r a t i o n  t o  a community o f  500 
p e o p l e  o r  more. Camps are 
u s u a l l y  l o c a t e d  i n  p r o t e c t e d  
h a r b o r s  t h a t  s e r v e  as  log-  
s t o r a g e  and t r a n s f e r  sites. 

I n  t h e  p a s t ,  few regu-  
l a t i o n s  c o n t r o l  l e d  logg ing  
camps. Some ac t iv i t i e s  c o u l d  
have  a f f e c t e d  anadromous f i s h ,  
b u t  w e  have no r e c o r d  of it. 
Logging camps are now r e g u l a t e d  
by t h e  Environmental  P r o t e c t i o n  
Agency, t h e  USDA Forest S e r v i c e ,  
and  t h e  S t a t e s .  I n  Alaska ,  t h e  
S ta te  Department o f  Environ-  
menta l  Conse rva t ion  also h a s  
a u t h o r i t y .  Logging camp sewage 
o r  s o l i d  wastes are u n l i k e l y  t o  
a f f e c t  f i s h  h a b i t a t  a d v e r s e l y  i f  
r e g u l a t i o n s  of t h e s e  a g e n c i e s  
are  complied wi th .  The Environ-  
menta l  P r o t e c t i o n  Agency 
r e q u i r e s  secondary  sewage t reat-  
ment. C h l o r i n a t e d  wastewater 
c o u l d  be t o x i c  t o  f i s h  i f  con- 
c e n t r a t i o n s  of  c h l o r i n e  were 
h i g h .  

Logging camps used t o  l e a v e  
r u s t i n g  c a b l e s ,  junked machinery,  
bands  from l o g  b u n d l e s ,  s p i l l e d  
f u e l ,  and o t h e r  d e b r i s  on o r  
n e a r  t h e i r  si tes when a camp was 
abandoned. N o  s t u d i e s  document 
t h e  e f f e c t s  of t h e s e  materials 
on  f i s h  h a b i t a t ,  however. 
P r e s e n t  r e g u l a t i o n s  r e q u i r e  t h a t  
t h e  sites be c l e a n e d  b e f o r e  t h e  
camp i s  moved. 
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GRAVEL REMOVAL 

Large amounts of g r a v e l  are 
needed for b u i l d i n g  logg ing  
r o a d s  and deve lop ing  c a m p s i t e s .  
Some l o c a t i o n s  have no s o u r c e  of 
g r a v e l  nea rby ,  o t h e r  t h a n  stream- 
beds .  Although g r a v e l  has b e e n  
t aken  from streams i n  t h e  p a s t ,  
t h i s  p r a c t i c e  was p r o b a b l y  never  
common and it w i l l  no doub t  
become less common. 

Two examples of g r a v e l  
removal from s t r eambeds  have 
been  documented i n  Alaska .  
S h e r i d a n  r e p o r t e d  on t h e  removal 
of g r a v e l  from a stream on 
Baranof I s l a n d  n e a r  S i t k a ,  
Alaska  .\g/ Road c o n s t r u c t i o n  and 
l o g g i n g  were s t a r t e d  i n  t h e  
Rodman Creek wa te r shed  i n  1 9 6 0  
and  completed i n  1965.  Surveys  
showed t h a t  t h e  stream and 
a l l u v i a l  f l o o d  p l a i n  c o n t a i n e d  
the only g r a v e l  nearby;  6 4 , 0 0 0  
cubic y a r d s  o f  g r a v e l  were t a k e n  
from 1 6  borrow p i t s  l o c a t e d  on 
t h e  t i d e f l a t s ,  f l o o d  p l a i n ,  and 
i n  t h e  stream. Pink and chum 
salmon spawned i n  t h e  i n t e r t i d a l  
area and up t o  5 miles ups t ream.  
The Alaska Department  of F i s h  
and G a m e  had r e c o r d s  of escape- 
ment b e f o r e  g r a v e l  removal and 
c o n t i n u e d  t h e s e  s u r v e y s  d u r i n g  
and  a f t e r  t h e  g r a v e l  was removed. 
The borrow p i t s  f i l l e d  w i t h  
g r a v e l  i n  4 y e a r s ,  no s i g n i f i -  
c a n t  changes  were obse rved  i n  
s t reambed g r a d i e n t ,  and t h e  p i t s  
a c c e l e r a t e d  bank c u t t i n g  i n  
t h e i r  v i c i n i t y ,  c a u s i n g  s e v e r a l  
trees t o  fall i n t o  t h e  stream 
and  a h i g h  i n t e r m i t t e n t  sed imen t  
load. The p i t - f  i l l i n g  p r o b a b l y  
i n c r e a s e d  bedload movement and 
l i k e l y  i n c r e a s e d  t h e  i n s t a b i l i t y  
of spawning beds  ups t ream.  
Salmon escapement  showed no 

Unpublished paper, "Effects of 
gravel removal on a salmon spawning 
stream," by W. L. Sheridan. USDA For. 
Serv., 26  p.  On f i l e ,  Forestry Sciences 
Laboratory, Juneau, Alaska, 1967. 
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decrease, even though a s h o r t -  
term d e c r e a s e  i n  s u r v i v a l  o f  
salmon embryos c o u l d  have 
o c c u r r e d  because  of i n c r e a s e d  
s e d i m e n t a t i o n .  S h e r i d a n  cau-  
t i o n e d  t h a t  g r a v e l  shou ld  b e  
removed from streams o n l y  i f  no 
o t h e r  s o u r c e  of g r a v e l  i s  
a v a i l a b l e  and t h e , v a l u e  of 
t i m b e r  f a r  exceeds  t h e  p o t e n t i a l  
damage t o  salmon h a b i t a t .  

During World W a r  11, l a r g e  
amounts o f  g r a v e l  were removed 
from f o u r  salmon streams n e a r  
t h e  Kodiak Naval S t a t i o n  (McVey 
1 9 5 9 ) .  S e c t i o n s  of t h e  stream- 
bed were removed t o  d e p t h s  o f  
2 0  f e e t . ,  The f i s h- p r o d u c i n g  
p o t e n t i a l  was reduced i n  t w o  
streams b e c a u s e  t h e  t a i l i n g s  
from washing and s c r e e n i n g  
reduced t h e  a v e r a g e  s i z e  of  
stream g r a v e l ,  r e s u l t i n g  i n  
i n s t a b i l i t y .  I n  t h e  o t h e r  t w o  
streams, bottom materials broke  
up and were washed downstream. 
A s  a r e s u l t ,  s t r eamf low was 
l i m i t e d  t o  s u b t e r r a n e a n  seepage  

1 d u r i n g  l o w  water flows, and 
several miles o f  e x c e l l e n t  
spawning grounds  became i n-  
accessible t o  spawning f i s h .  By 
1958, t h e  g r a v e l  of o n l y  one  of  
t h e  t w o  streams showed s i g n s  o f  
s t a b i l i z i n g .  

Logging camps c o n g r e g a t e  
p e o p l e  i n  remote areas of  south-  
east  Alaska and B r i t i s h  Colum- 
b i a .  The camps are o f t e n  n e a r  
h i g h l y  p r o d u c t i v e  stream and  
e s t u a r i n e  f i s h e r i e s .  T h i s  
combina t ion  of p e o p l e  and re- 
s o u r c e s  r e s u l t s  i n  heavy use. 

Some b i o l o g i s t s  b e l i e v e  
t h a t  logg ing  camps are respon-  
s i b l e  f o r  u n u s u a l l y  heavy f i s h -  
i n g  p r e s s u r e  i n  some streams. 
D e p l e t i o n  of  r u n s  h a s  been 
ment ioned,  b u t  q u a n t i t a t i v e  d a t a  
are l a c k i n g .  S p e c i e s  such as 
s t e e l h e a d  t r o u t  would be  es- 
p e c i a l  l y  v u l n e r a b l e ,  because  t h e  
r u n s  are small i n  some streams. 
The Alaska  Department o f  F i s h  
and  G a m e  h a s  e s t i m a t e d  t h a t  
spor t  h a r v e s t  i n  Rodman Creek,  
Baranof I s l a n d ,  took  over 60  
p e r c e n t  of t h e  mature  D o l l y  
Varden c h a r  i n  1963, based  on 
t a g  r e t u r n s .  T h i s  p r e s s u r e  was 
main ly  from nearby l o g g i n g  camps.- 3/  

J /  - Data on f i l e ,  F o r e s t r y  S c i e n c e s  
L a b o r a t o r y ,  J u n e a u ,  Alaska .  
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The Alaska Department of 
F i s h  and G a m e  i s  now conduc t ing  
a statewide s p o r t  f i s h i n g  
su rvey .  I n fo rma t ion  w i l l  be 
r e c e i v e d  from h i g h- q u a l i t y  
wa te r sheds ,  i n c l u d i n g  t h o s e  n e a r  
l ogg ing  camps, so s p o r t  f i s h i n g  
h a r v e s t s  from logg ing  camps can  
b e  estimated. 

I f  a n g l e r s  a l l  c a r r y  p r o p e r  
l i c e n s e s  and obse rve  bag l i m i t s ,  
t h e  l ogg ing  camps o n l y  s e r v e  t o  
d i s t r i b u t e  and c o n g r e g a t e  p e o p l e ,  
so  it may be mi s l ead ing  t o  view 
camps as  d e t r i m e n t a l  t o  t h e  
f i s h e r i e s  r e s o u r c e .  

OTHER EFFECTS OF CAMPS 

Some logg ing  camps p robab ly  
have  a f f e c t e d  t h e  local f i s h -  
er ies  by sewage p o l l u t i o n ,  water 
d i v e r s i o n ,  o i l  and l u b r i c a n t  
s p i l l s ,  and  g r a v e l  removal, 
a l t h o u g h  t h e  e f f e c t s  of t h e s e  
a c t i v i t i e s  have n o t  been  docu- 
mented. 

I n  l i g h t  of t h e  d e t a i l e d  
S t a t e  and Federal water and a i r -  
q u a l i t y  s t a n d a r d s ,  l ogg ing  camps 
a re  u n l i k e l y  t o  have any appre-  
ciable e f f e c t  on f i s h  h a b i t a t  
now o r  i n  t h e  f u t u r e .  Logging 
camps may be viewed as small 
communit ies ,  s u b j e c t  t o  t h e  same 
r e g u l a t i o n s  as  any o t h e r  com- 
muni ty .  I f  env i ronmenta l  degra-  
d a t i o n  o c c u r s  it i s  because  
S t a t e  and Fede ra l  r e g u l a t i o n s  
a re  be ing  v i o l a t e d .  
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SUMMARY AND 
CONCLUSIONS 

P u l p  and p a p e r  m i l l s  re- 
lease enormous amounts of  ef- 
f l u e n t s  d a i l y  i n t o  r e c e i v i n g  
waters. The t o x i c i t y  o f  t h e s e  
wastes v a r i e s  wide ly  and i s  
dependen t  on fac tors  such as  
chemica l  processes used ,  waste 
r e c o v e r y ,  and b i o l o g i c a l  oxygen 
demand caused  by decompos i t ion  
of s u g a r s  i n  t h e  e f f l u e n t s .  

U n t i l  r e c e n t l y ,  a s s e s s i n g  
t h e  ha rmfu l  e f f e c t s  of  m i l l  
wastes was d i f f i c u l t  because  t h e  
chemical c o n s t i t u e n t s  are com- 
p l e x ,  and some remain  un iden t-  
i f i e d .  The r e l a t i o n  between t h e  
c o n c e n t r a t i o n  of many t o x i c  
c o n s t i t u e n t s  and b i o l o g i c a l  
a c t i v i t y  h a s  n o t  been  estab- 
l i s h e d .  I n  a d d i t i o n ,  s e p a r a t i n g  
chemical  t o x i c i t y  from bio- 
l o g i c a l  oxygen demand i s  o f t e n  
d i f f i c u l t .  As a r e s u l t  chemical  
a s s a y s  c a n n o t  be used .  

Labora to ry  and f i e l d  s t u d i e s  
have  accumula ted  t h e  data  needed 
t o  d e s i g n  a c c u r a t e  and s e n s i t i v e  
a c u t e  l e t h a l  b i o a s s a y s  f o r  
e f f l u e n t s  from p u l p  and p a p e r  
m i l  1s . These b i o a s s a y s  have 
been  used  t o  i d e n t i f y  t h r e s h -  
h o l d s  of e f f l u e n t  t o x i c i t y  f o r  
s e v e r a l  a q u a t i c  a n i m a l s ,  i n -  
c l u d i n g  sa lmonid  f i s h e s .  T h i s  
work has demons t ra t ed  t h a t  t h e  
p r e v i o u s  h i s t o r y  of t e s t  a n i m a l s  
i s  v e r y  i m p o r t a n t .  F i s h  and 
o the r  a q u a t i c  a n i m a l s  c a n  be 
c o n d i t i o n e d  t o  w i t h s t a n d  i n-  
c r e a s i n g  levels of p o l l u t a n t s  t o  
a p o i n t .  Stresses t e n d  t o  be 
c u m u l a t i v e ,  however, and such 
f a c t o r s  as water t e m p e r a t u r e  and 
pH c a n  compound t h e  e f f e c t s  of  
o t h e r  stresses. Despite some 
shor tcomings ,  r e c e n t  r e s e a r c h  on 
b i o l o g i c a l  a s sessmen t  has re- 
s u l t e d  i n  t h e  development  o f  

tables showing c o n c e n t r a t i o n s  o f  
e f f l u e n t s  associated w i t h  effects  
on  v a r i o u s  organisms.  Thresho ld  
c o n c e n t r a t i o n s  of  e f f l u e n t s  from 
paper m i l l s  have been based on 
e x t e n s i v e  t e c h n i c a l  data;  t h i s  
work h a s  been reviewed by Walden 
( 1 9 7 6 ) .  

T h e  a c u t e  l e t h a l  b i o a s s a y  
i s  now w e l l  established f o r  
measur ing  t o x i c i t y  of i n d u s t r i a l  
p o l l u t i o n .  Using such b i o a s s a y s  
t o  d e t e r m i n e  s a f e  levels of 
e f f l u e n t  i n  t h e  envi ronment  i s  
r i s k y ,  however. Each b i o l o g i c a l  
sys tem i s  unique;  p l a n t s  and 
a n i m a l s  i n  t h e  system are sub- 
jected t o  v a r i o u s  stresses. The 
amount and d u r a t i o n  of t h e s e  
stresses d e t e r m i n e  t h e  a n i m a l ' s  
a b i l i t y  t o  w i t h s t a n d  t h e  added 
stress of m i l l  p o l l u t i o n .  What 
i s  needed is  a s u b l e t h a l  bio- 
a s s a y ,  s e n s i t i v e  enough t o  
detect changes  i n  the  n a t u r a l  
envi ronment  as t h e y  re la te  t o  
b i o l o g i c a l  r e q u i r e m e n t s  of t h e  
animal  s . 

L i t t l e  i n f o r m a t i o n  is 
a v a i l a b l e  on t he  e f f e c t s  of 
l o g g i n g  camps on anadromous f i s h  
h a b i t a t .  Because camps are 
o f t e n  n e a r  p r o d u c t i v e  f i s h  
h a b i t a t ,  however, t h e y  are 
p o t e n t i a l l y  haza rdous .  P r e s e n t  
r e g u l a t i o n s  p e r t a i n i n g  t o  camps 
and  associated ac t i v i t i e s  a p p e a r  
a d e q u a t e  t o  p r e v e n t  a p p r e c i a b l e  
damage. 
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