


BIOLOGICAL MONITORING 
IN WATER POLLUTION 



Related Pergamon Titles of Interest 

Books 

ALBAIGES: 
Analytical Techniques in Environmental Chemistry (I and II) 

HUTZINGER: 
Aquatic Pollutants (Transformation and Biological Effects^ 

Chlorinated Dioxins and Related Compounds (Impact on the Environment) 
STUCKEY & HAMZA: 
Management of Industrial Wastewater in Developing Nations 

VOWLES & CONNELL: 
Experiments in Environmental Chemistry 

W H O / U N E P : 
Waste Discharge into the Marine Environment (Principles and Guidelines 
for a Mediterranean Action Plan) 

ZOETEMAN: 
Sensory Assessment of Water Quality 

Journals 

Water Research 
Water Science and Technology 
Water Supply and Management 

Full details of ail Pergamon publications/free specimen copy of any 
Pergamon journal available on request from your nearest Pergamon office. 



BIOLOGICAL MONITORING 
IN WATER POLLUTION 

JOHN CAIRNS, Jr. 

and collaborators 

A. L. Buikema, Jr. 
D. S. Cherry 
E. E. Herricks 

R. A. Matthews 
B. R. Niederlehner 
J . H. Rodgers, Jr. 

W . H. van der Schalle 

PERGAMON PRESS 

O X F O R D · N E W Y O R K · T O R O N T O · S Y D N E Y · P A R I S · F R A N K F U R T 



U.K. 

U . S . A . 

C A N A D A 

A U S T R A L I A 

F R A N C E 

FEDERAL REPUBLIC 
OF G E R M A N Y 

Pergamon Press L td . , Headington Hill Hall , 
Oxford 0 X 3 OBW, England 

Pergamon Press Inc., Maxwel l House, Fairview Park, 
Elmsford, N e w York 10523, U . S . A . 

Pergamon Press Canada L td . , Suite 104, 
150 Consumers Rd . , Wil lowdale, Ontario M 2 J 1P9, Canada 

Pergamon Press (Aust . ) Pty. L td . , P.O. Box 544, 
Potts Point, N . S . W . 2 0 1 1 , Australia 

Pergamon Press S A R L , 24 rue des Ecoles, 
75240 Paris, Cedex 05 , France 

Pergamon Press G m b H , 6242 Kronberg-Taunus, 
H a m m e r w e g 6, Federal Republic of Germany 

Copyright © 1982 International Association on W a t e r 
Pollution Research & Control 
and Pergamon Press Ltd. 

All Rights Reserved. No part of this publication may be 
reproduced, stored in a retrieval system or transmitted in 
any form or by any means: electronic, electrostatic, 
magnetic tape, mechanical, photocopying, recording or 
otherwise, without permission in writing from the 
copyright holders. 

First edition 1982 

ISBN 0 0 8 028730 1 

Originally printed in WATER RESEARCH (Vo l . 14, N o . 9 , 
Vo l . 16, Nos. 2 , 3 , Vo l . 15, N o . 8 ) . Part I includes a n e w 
supplementary section. 

Printed in Great Britain by A. Wheaton & Co. Ltd., Exeter 



This book is dedicated to 
Dr RUTH PATRICK 

Senior Curator, Academy of Natural Sciences of Philadelphia 
who was practising biological monitoring 

before the term became fashionable 



FOREWORD 

T h i s b o o k o n B i o l o g i c a l M o n i t o r i n g w a s p l a n n e d so t h a t i n d i v i d u a l s e l f - c o n t a i n e d p a r t s o n v a r i o u s a s p e c t s o f 
t h e s u b j e a o f B io log ica l M o n i t o r i n g c o u l d a p p e a r as r ev i ew a r t i c l e s in t h e i n t e r n a t i o n a l t e c h n i c a l j o u r n a l 
Water Research ( p u b l i s h e d b y P e r g a m o n P r e s s fo r l A W P R C ) . T h e a d v a n t a g e s o f t h i s a r r a n g e m e n t w e r e t h a t 
s u b s c r i b e r s t o Water Research a n d m e m b e r s o f t h e I n t e r n a t i o n a l A s s o c i a t i o n o n W a t e r P o l l u t i o n R e s e a r c h 
a n d C o n t r o l , l A W P R C ( f o r m e r l y t h e I n t e r n a t i o n a l A s s o c i a t i o n o n W a t e r P o l l u t i o n R e s e a r c h , l A W P R ) , 
r e ce ived p a r t s o f t h e b o o k as s o o n as t h e y w e r e a v a i l a b l e , b u t it a l so a l l o w e d t h e cos t s o f t h e b o o k t o b e k e p t t o 
t h e m i n i m u m b y u s i n g t h e s a m e t ex t fo r b o t h t h e rev iew a r t i c l e s a n d t h e b o o k . 

T h i s l a t t e r a d v a n t a g e c a u s e s a s l ight d i s a d v a n t a g e w h i c h it is h o p e d will n o t i n c o n v e n i e n c e r e a d e r s : s i n c e t h e 
p a r t s in Water Research d i d n o t a p p e a r in s e q u e n c e a n d w e r e s p r e a d o v e r seve ra l o f its i s sues , t h e p a g e s in t h e 
b o o k a r e n o t n u m b e r e d in p r o p e r s e q u e n c e . H o w e v e r , t h e T a b l e o f C o n t e n t s i n t h e b o o k g ives t h e f i rs t a n d 
l as t p a g e s for e a c h p a r t a n d in t h e t ex t t h e p a r t s a r e s e p a r a t e d b y a c o n t r a s t i n g i n s e r t e d p a g e g iv ing t h e p a r t 
n u m b e r a n d t i t le . E a c h i t e m is l i s ted in t h e i n d e x b y p a r t n u m b e r a n d p a g e n u m b e r w i t h i n t h a t p a r t . 

T h e i n f o r m a t i o n g iven in P a r t I h a s b e e n e x p a n d e d a n d u p d a t e d b y a s u p p l e m e n t a r y s e c t i o n w r i t t e n n e a r l y 
t w o yea r s a f te r t h e o r ig ina l p a r t f i rs t a p p e a r e d . T h i s s u p p l e m e n t is p r i n t e d i m m e d i a t e l y a f t e r t h e o r i g i n a l p a r t . 
P l e a s e n o t e t h a t a l t h o u g h a P a r t I I A a p p e a r e d t h e r e will be n o P a r t I I B . 

S. H . J E N K I N S 
E x e c u t i v e E d i t o r , l A W P R C 



PREFACE 

T h e field o f b i o l o g i c a l m o n i t o r i n g exis ts b e c a u s e n o i n s t r u m e n t h a s b e e n d e v i s e d b y m a n t h a t c a n m e a s u r e t o x 
ic i ty ! O n l y l iving m a t e r i a l c a n b e u s e d e f fec t ive ly f o r th i s p u r p o s e . H o w e v e r , a b i o l o g i c a l r e s p o n s e u n a c c o m 
p a n i e d b y c h e m i c a l / p h y s i c a l d a t a h a s v e r y l o w i n f o r m a t i o n c o n t e n t . A s a c o n s e q u e n c e , b i o l o g i c a l m o n i t o r i n g 
s h o u l d b e c a r r i e d o u t in c o n c e r t w i t h c h e m i c a l / p h y s i c a l m o n i t o r i n g . A l t h o u g h c h e m i c a l / p h y s i c a l tes ts will n o t 
b e e m p h a s i z e d in t h i s v o l u m e , it is a sine qua non t h a t al l b i o l o g i c a l t e s t s d i s c u s s e d a r e m e a n t t o b e a c c o m 
p a n i e d b y a p p r o p r i a t e c h e m i c a l / p h y s i c a l t e s t s . 

F o r y e a r s , e s t i m a t e s o f t o x i c i t y w e r e b a s e d a l m o s t e n t i r e l y o n c h e m i c a l a n a l y s e s . A b u n d a n t e v i d e n c e even 
tua l ly a c c u m u l a t e d t h a t t h i s a p p r o a c h w a s u n s a t i s f a c t o r y . U n f o r t u n a t e l y , b i o l o g i s t s h a d n o t g iven t h i s p r o b 
l em t h e a t t e n t i o n it d e s e r v e d a n d few t e s t s w e r e a v a i l a b l e w h e n t h e n e e d fo r t h e m w a s r e c o g n i z e d . H o w e v e r , 
w h e n tox i c i t y tes t m e t h o d s c a m e i n t o f a v o r , a d d i t i o n a l e v i d e n c e q u i c k l y a c c u m u l a t e d o n t h e i n a d e q u a c y o f 
t h e u s e o f c h e m i c a l m e a s u r e m e n t s a l o n e fo r t h e d e t e r m i n a t i o n o f t o x i c i t y : (a) b i o l o g i c a l e f fec t s o f t e n o c c u r a t 
c o n c e n t r a t i o n s b e l o w a n a l y t i c a l c a p a b i l i t i e s , (b ) t o x i c a n t s a n d o t h e r s o u r c e s o f s t r e s s m a y a c t q u i t e d i f f e ren t ly 
in m i x t u r e s t h a n i n d i v i d u a l l y , (c) e n v i r o n m e n t a l q u a l i t y s t r o n g l y m e d i a t e s t o x i c r e s p o n s e . 

T h e field o f b i o l o g i c a l m o n i t o r i n g is p l a g u e d b y t w o n e e d s w h i c h o f t e n a p p e a r v i r t u a l l y i n c o m p a t i b l e . T h e 
first is t h e n e e d for r e p l i c a t i o n so t h a t e x p e r i m e n t s a n d t e s t s c a n b e r e p e a t e d a n d v a l i d a t e d b y o t h e r s a n d so 
suff ic ient e v i d e n c e o f a s imi la r n a t u r e c a n b e g a t h e r e d for c u s t o m a r y s t a t i s t i c a l a n a l y s e s . T h e s e c o n d is t h e r e 
q u i r e m e n t t h a t t h e r e su l t s b e a p p l i c a b l e a n d use fu l in t h e **real w o r l d ' * , w h i c h is a h i g h l y v a r i a b l e c o m p l e x 
s y s t e m g u a r a n t e e d t o f r u s t r a t e a n i n v e s t i g a t o r i n t e r e s t e d in r e p l i c a t i o n . A s o n e m i g h t e x p e c t , t h e n e e d for 
r e p l i c a t i o n t r i u m p h e d , a n d t h e s ingle spec ies t o x i c i t y t e s t c a r r i e d o u t u n d e r h i g h l y a r t i f i c i a l , n o n v a r i a b l e c o n 
d i t i o n s e m e r g e d as t h e p r i n c i p a l m e a n s o f b i o l o g i c a l m o n i t o r i n g . U n t i l r e l a t i ve ly r e c e n t l y , t e s t s w e r e u sua l l y 
s h o r t t e r m a n d i n v o l v e d l e tha l i t y a s a n e n d p o i n t . I n t h e las t f ew y e a r s , i n c r e a s e d a t t e n t i o n h a s b e e n g iven t o 
l e n g t h e n i n g t h e p e r i o d o f e x p o s u r e a n d i n v o l v i n g m o r e t h a n o n e life h i s t o r y s t a g e . E v e n t h e s t r o n g e s t s u p 
p o r t e r s o f s ingle spec ies tes t s a d m i t t h a t t h e t e s t s d o n o t a c c u r a t e l y ref lec t e i t h e r t h e v a r i a b i l i t y o r t h e c o m p l e x 
ity o f n a t u r a l s y s t e m s . T h e i m p o r t a n t q u e s t i o n is h o w use fu l a r e s u c h tes t s in p r e d i c t i n g e v e n t s in n a t u r a l 
s y s t e m s , p a r t i c u l a r l y w h e r e p o l l u t i o n a l e f fec t s a r e c o n c e r n e d . 

A l t h o u g h s ingle spec ies t o x i c i t y t es t s a r e c o n d u c t e d in t h e l a b o r a t o r y , t h e r e su l t s a r e g e n e r a t e d w i t h t h e in 
t e n t t o p r o t e c t l iv ing t h i n g s in n a t u r a l s y s t e m s . S i n c e t h e a s s u m p t i o n w a s m a d e t h a t s ing le spec ies t e s t s w o u l d 
p r o v i d e a m e a n s o f e s t i m a t i n g h a r m t o t h e b i o t a in n a t u r a l s y s t e m s , it is c u r i o u s t h a t t h e v a l i d i t y o f t h i s 
a s s u m p t i o n h a s n o t b e e n ex tens ive ly t e s t e d in a sc ien t i f ica l ly j u s t i f i a b l e w a y . T h e r e is n o q u e s t i o n t h a t t h e 
s ingle spec ies t e s t , e f fec t ive ly u s e d , h a s r e d u c e d t h e n u m b e r o f f ishki l ls a n d o t h e r c a t a s t r o p h i c e v e n t s . N e v e r 
t h e l e s s , it is r e g r e t t a b l e t h a t n o s u b s t a n t i v e b o d y o f e v i d e n c e c o n f i r m i n g t h e r e l i ab i l i ty o f p r e d i c t i o n s o f 
e c o s y s t e m p r o t e c t i o n m a d e o n t h e b a s i s o f s ingle spec ies t e s t i n g h a s b e e n g e n e r a t e d . A l t h o u g h t h i s de f i c i ency 
h a s b e e n n o t e d f o r y e a r s a n d a t t e n t i o n c o n t i n u e s t o b e ca l l ed t o it ( e . g . C a i r n s et al., 1981) , t h e a m o u n t o f 
e v i d e n c e u p o n w h i c h o n e c a n d e t e r m i n e t h e e f f ec t iveness o f t h e s ing le spec ie s tes t in p r e d i c t i n g t h e r e s p o n s e a t 
h i g h e r levels o f b i o l o g i c a l o r g a n i z a t i o n r e m a i n s u n c e r t a i n . S ince p r e v e n t i o n o f h a r m t o t h e e n v i r o n m e n t 
b e f o r e it o c c u r s is t h e o b j e c t i v e o f e c o l o g i s t s , t h e r e is a m p l e j u s t i f i c a t i o n fo r d e v e l o p i n g a p r e d i c t i v e c a p a b i l i t y 
t h a t will e n h a n c e e s t i m a t i o n o f t h e p r o b a b i l i t y o f h a r m b e f o r e m a t e r i a l e n t e r s t h e e n v i r o n m e n t . D e t e r m i n a 
t i o n o f t h e a c c u r a c y o f t h e s e p r e d i c t i o n s t o s e rve a s a f o r m o f e r r o r c o n t r o l in c o r r e c t i n g t h e p r e d i c t i v e 
m e t h o d s is a l s o e s s e n t i a l . A n e x p r e s s i o n o f t h e s e c o n c u r r e n t n e e d s fo r a s ing le p o i n t d i s c h a r g e is d e p i c t e d in 
F i g . 1. A v a r i e t y o f b i o l o g i c a l m e t h o d s fo r c a r r y i n g o u t b o t h o f t h e s e ac t iv i t i e s will b e d i s c u s s e d in t h i s b o o k . 

(Algor i thm 
Development) 

Fig. 1. Information flow in environmental control processes (from Herr icks and Cairns, 1979). 


