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NOTES

1. 
GESAMP is an advisory hotly consisting of specialized experts nom

inated by the 
Sponsoring Agencies (TMCO, FAO, UNESCO, WMO, WHO, IAEA, UN, UNEP). 

Its principal 
task is to provide scientific advice on m

arine pollution problem
a to the Sponsoring 

Agencies and Lo the In ter governm
ental Oceanographic. Gommiss ion (IOC) .

2. 
Thia report iy available in English, French, Russian and Spanish from any of 

the Sponsoring Agencies.

3. 
The report contains views expressed by experts acting in their individual 

capacities which may not necessarily correspond w
ith the views of the Sponsoring 

A
gencies.

4. 
Perm

ission may be granted by any one of the Sponsoring Agencies for the report, 
to be wholly or partly reproduced in publications, provided that the source of the 
extract and the condition m

entioned in 3 above, are indicated.

For bibliographic purposes, this document may bo cited as:

IMGÛ/FAO/UNESCO/WMO/who/IAEA/UN/L-NEF Joint Group of Exports on the Scientific 
Aspects of K

arine Pollution (GESAMP),

M
onitoring biological variables related to m

arine pollution, 
REP, Stud* 

GESAMP (140 ,
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Tile training.; aspect

Iii most of tïie plons referred to above there iy em
phasis on the need for 

com
m

unication and training. 
The W

orking Group recognized a sim
i]nr need in the 

field of m
onitoring biological variables. 

This is obvious In relation to the moro 
sophisticated techniques when instructum

 in the use of instrum
ents ani! in the 

interpretation of results is clearly desirable. 
Rut even for the more straight­

forward m
ethods, when a routine and uniform

 application is required by different 
personnel from various laboratories over a wide arca, some attem

pt at interna.! j bra- 
tion is essential.*

There is considerable valae in making available m
anuals of instruction that 

provide detailed st.cp-by-ste.p guidance on procedures. 
It should be possible to 

collect methods in Lb c. form of a "cook book'1.

The most useful instruction, however, is likely to be in the. participants' own 
laboratories and on board their own research ships, and w

ith this in m
ind, selected 

experts m
ight be encouraged to visit regional centres, whero programmes are being 

executed or planned, to give advice and instruction. 
An extension of Lilia m

ight be 
a series of lectures, courses or workshops designed to focus on im

portant aspects 
of biological, m

onitoring, arranged for appropriate groups of scientists and adm
inis­

trators, 
Finally, the funding of selected scientists to study at suitable centres 

for lim
ited periods could provide direct supervised experience of some of the more 

sophisticated techniques.

20 -

SUMMARY AWI) RECOMMENDATIONS
The W

orking Group studied the. problem
s of m

easuring biological variables related 
to m

arine pollution, and concluded that the case was established for incorporating 
such m

easurem
ents in m

onitoring programmes.
In discussing the scientific requirem

ents for biological m
onitoring, tile W

orking 
Croup proposed a set of principles for selecting suitable variables. 

It then 
evaluated a selection of possible variables in the lighL of the principles, and 
listed m

easurem
ents that could be recommended for im

m
ediate inclusion in m

onitoring 
programmes. 

Tile list included certain biochem
ical and physiological procedures, as 

w
ell os several m

orphological, population and community m
easurem

ents,

In addition to these procedures and m
easurem

ents, which ate sufficiently w
ell 

developed for im
m

ediate use as m
onitoring tools, there are other approaches that 

show prom
ise, but require further study. 

It is recommended that countries w
ith well 

developed research organizations take the lead in such developm
ent.

The W
orking Group noted the lack of any general, framework for applying biology 

to m
onitoring programmes. 

It therefore developed a three-part strategy for dealing 
w

ith tile three phases: identification, quant ification and causation; and 
it provided 

guidelines for im
plem

enting it- 
The strategy recognizes that appropriate chem

ical 
analysis is always required and that the biological input is most affectively deployed 
in a suite of procedures carefully tailored to the requirem

ents of individua.! programmes.

The W
orking Group studied several current projects and, for tile must, advanced 

of these, suggested some additional biological m
easurem

ents. 
It is recommended that 

concerted efforts be made to apply the strategy 'in existing local and regional pro­
grammes and to build it into new programmes at tile planning stage. 

Existing m
ethods 

should he used since significant advances are more likely to follow7 at present from 
an evaluation of practica] experience than from new theoretical or laboratory exercises. 
A

fter the strategy has been pursued for some tim
e, it should be reviewed and m

odified 
as necessary.

Oti the subject of open-ocean m
onitoring, the W

orking Group recognized substantial 
problem

s at present. 
It suggested that open-ocean biological m

onitoring m
ight be most 

usefully focused on the benthos at a few sites 
specially 

selected for their 
stability and where the benefits of other, relevant, 

ongoing 
research would bn 

available.

Finally, the need for training in some of the biological techniques was 
discussed. 

It was proposed that this be done by visits from experts, by lectures 
and courses, and by periods of training at selected centres of expertise. 

The value 
of com

piling a manual of m
ethods was noted.

- 1 -



INTRODUCTION

The Lsm
s of reference of the W

orking Group were;

(i) 
"To fonnulflty a rationale for m

onitoring biological variables taking 
into account existing and planned regional and global m

onitoring 
programmes, paying particular attention to those which include 
m

onitoring of biological variables,

(ii) 
To determ

ine the scientific, requirem
ents for m

onitoring relevant 
biological variables.

(iii) To assess the feasibility of establishing practical procedures for 
the m

onitoring of biological variables related to mar Inft pollution",
(GFSAMP Reports and Studies No*8),

The membership of the W
orking Group is given in Annex I, 

The Group met in 
December 1 977 , May 1978 and June 1 979, after whieh a sm

all drafting group assem
bled the 

Final Report.

2

None of these six approaches could be highly recommended, according to our scoring, 
for general use in routine m

onitoring programmes at present because: 
(i) they lack 

an applied quantitative, relationship w
ith pollution; 

(ii) they have not been tested 
and evaluated sufficiently in a field programme; and (iii) the two specific bio­
chem

ical effects have a low si gnu!-to-noise ratio and can only be applied to a 
lim

ited number of species (e.,g., am
ino-levulin i c add dehydratase is specific to 

load pollution and is restricted to organism
s w

ith haem
oglobin; ace.tylo.bolincste.ra.se 

in the brain is specific to organo-phosphate pollution in fish and Crustacea). 
In 

spite of sueli comments, the. fact that these approaches may be. found useful at 
specific sites is perhaps a useful rem

inder that generalizations should always be 
treated w

ith understanding and caution.

If the working groups were to make any additional proposals for inclusion iii 
the M

editerranean programme they would be as follow
s:

(i) 
bioassay 

for 
general w

ater-qua]ipy assessm
ent;

(ii) 
assessm

ent of vertebral damage, asym
m

etry, fin erosion, ulcers, 
neoplasia/turoours and liver/digestive gland and kidney structure 
alteration;

(iii) m
easurem

ent of feeding rate, scope for growth, oxygen-to-nitrogen ratio 
and body-condition indices;

(iv) 
m

easurem
ent of taurine-to-glycine ratio, lysosom

al stability and 
m

etallothionein.

Furtherm
ore, it would bo suggested that whenever possible the m

ajority of those 
biological effects should be m

easured on the same indicator species or sentinel 
organism

 used for chem
ical nini toring; 

e.g., the m
ussel, M

ytilus galloprovincialis,
the deep-w

ater pink shrim
p, Parapenaeus longirostris, tre striped m

ullet, m
ullus 

barbatus, and the bluefin tuna, Thunnus thynnus. 
An integrated programme that 

exam
ines chem

ical effects combined w
ith general and contam

inant-specific biological 
effects should provide inform

ation on which to base environm
ental management decisions.

The W
orking Group then reviewed other United N

ations activities, noting the 
follow

ing initiatives:
1- 

l.'NEP/Kuwait A
ction Plan.

2. 
TDC Programme for the W

estern Pacific (W
ESTPÀC).

3. 
UNEP/ECLA Caribbean Environm

ent Programme.

4. 
UNEP Action Plan for the Gulf of Guinea and adjacent areas.

5. 
CFPb Action Plan for the Southeast Pacific.

6. 
TOC Co-operative Investigation in the North and Central W

estern Indian 
Ocean (CTNCWTO),

7- 
WHO/UNEP Pilot Project on Coastal W

ater Q
uality Control (MED-VIX) in the 

M
editerranean.

The W
orking GroupTs Terms of Reference would clearly have perm

itted it to make, 
a detailed exam

ination of those plans in an effort to produce explicit biological 
m

onitoring programmes for each, 
U

nfortunately, tim
e was less perm

issive, 
Gur hope, 

however, Is that the guidelines set out in this report w
ill be of use to those 

involved in further elaborating and carrying out the plans.

19



MONITORING IN EXISTING AND PLANNED PROGRAMMES
In setting ud tile strategy rind the. method Tor im

plem
enting it, the W

orking 
Croup attem

pted to m
aintain a flexible approach that could be readil.v adopted in 

programmes already under wTav or at an advanced stage of planning. 
There are many 

such program
m

es, and they are run by local authorities, national governm
ents- 

international pollution com
m

issions, scientific bodini (e.g., ICES) or by the 
United N

ations agencies.

Those, programmes are for the most part focused on loca'! situations as already 
described (outfalls* dumping grounds) whore the most obvious biological m

onitoring 
component may havo been readily identified and used. 

But there is an inertiasing 
number of programmes concernée w

ith environm
ental contam

ination on larger scales 
(regional or global) that attem

pt, to encompass ali contam
inants from whatever source 

that are likely to affect environm
ental quality,

The "Ocean Dulse11 programme off the east coast of the United States of Am
erica 

is an example of a com
prehensive project. 

It is designed to provide, among other 
things, m

onitoring data on the continental shelf w
aters between Cape H

atteras and 
the Canadian border. 

The very diverse programme includes the m
onitoring of several 

biological variables sueli as m
utagenetic analysis of fish eggs and larvae, structural 

analysis of benthic com
m

un!ties, and biochem
ical/physiological m

easurem
ents on blood 

and tissues of various invertebrates and fish.

In general, however, regional m
onitoring programmes in the past have, quite 

properly in view of the earlier state of the art, focused on chem
istry, and the 

biological aspects are either lacking or are at an experim
ental level. 

The W
orking 

Group paid considerable attention to the United N
ations agency program

m
es, and 

examined the reports of several workshops and projects published up to the beginning 
of 1979. 

The most, advanced of these was the UNEP Co-ordinated M
editerranean Pollution 

M
onitoring and Research Programme (MEDPOL). 

Two Pilot Projects, one on the effects 
of pollutants on marine, organism

s (MED IV
), and another on the effects of pollutants 

on populations and com
m

unities (MED-V) were of particular interest.
In these two projects, most of the biological effects m

easured fell into the 
general categories listed in Tabic 1, and several were In our "highly recommended" 
groups; 

e.g., 
bioassays 

and community approaches. 
There were a few effects we had 

not listed, however, and we scored these against our criteria and arrived at the
follow

ing evaluations :
Biochem

ical
effects

Evaluation
A

m
ino-levulinic acid 

dehydratase
3

Protein synthesis (regenerating 
sponges)

3
G

lycolytic and citric acid 
cycle enzymes

3
A

cetylcholinesterase in brain
3

Behavioural
effects

Righting behaviour in 
Paracentrotus lividus

2
Ecological 1effects

Colonization by fouling com
m

unities 
3

.18

THE CASE TOR MONITORING RT07.0GTCAL VARIABLES

In m
ost m

onitoring programm
es, contam

ination is m
easured in term

s of chem
istry, 

and chem
ical analysis of m

aterial from the various com
partm

ents of the environm
ent 

can provide a sensitive indication of the concentrations of substances that bave 
been selected for study. 

But pollution, as defined by GESAMP, im
plies deleterious 

effects and these are usually assessed in relation to a biological 
system

. 
Tn 

pollution m
onitoring, therefore, biological inform

ation is required at some stage, 
but. there is considerable scope for discussion as to what sort of biology is most 
appropriate, and at wliat stage in a m

onitoring programme it may be most effectively 
applied. 

Those who manage and control resources have tended to avoid the wide use 
of biological param

eters because of the high degree of variability in natural 
system

s, and the com
plexity of an organism

's reaction to stress from many physical 
and chem

ical factors. 
Rather, they have preferred the use of chem

ical analyses as 
a routine procedure, and biological criteria have been introduced only at the 
evaluation stage.

However, reliance on chem
ical analyses alone for studies of biological, effects 

has serious shortcom
ings. 

Thus slight and, in analytical chem
ical term

s, insignificant 
changes in the concentrations of certain chem

icals can m
arkedly affect w

ater quality 
from the biological standpoint. 

A
iso, chem

icals which by them
selves would have been 

innocuous, may cause effects by interacting In the general m
ilieu of contam

inated 
w

aters. 
Further, chem

icals whose identity is unknown or whose presence is not even 
suspected may produce effects. 

Finally, w
ithout observations linking levels in the 

w
ater or sedim

ent w
ith tissue concentrations and then w

ith effects on organism
s and 

populations, and ultim
ately, w

ith tile w
ell-being of the ecosystem

 as a whole, an 
adequate assessm

ent of pollution is im
possible.

C
learly, then, there is a case for using biological variables to m

onitor the 
effects of pollution. 

However, it should bo. em
phasized that the optimum m

onitoring 
programme w

ill include physical, chem
ical and biological observations in the field, 

and, m
oreover, that these observations should be backed up by appropriate experim

ental 
work.

- 3 -



THL' l"SE OF BIOLOGICAL VARIABLES

Urevlous work
Tile lis0 of biological variables in the context of m

onitoring for m
urine pollution 

lui s already beer the topic of considerable discussion in ClSAMP, 
At the sixth session 

of GESAMF, a panel, chaired by Dr* Stjepan Keckes, was sot up to specify param
eters 

relating to effects m
onitoring, and its report (1MC0 ot al ■, 1974) recognized the 

problem of defining a cicar cause-effect reiat ionship between changes observed in 
m

arine com
m

unities and specific con tarni nantis * 
It em

phasized the value of experim
ental 

studies, in the laboratory and in situ, for establishing links between the body 
burden of contam

inants in organism
s and levels of these contam

inants in the. sea w
ater. 

Regarding laboratory tests, it discussed t.he use of indicator organism
s ana experi­

m
ental ecosystem

s, and noted the im
portance of determ

ining the point at which effects 
on individual organism

s m
anifest them

selves as harm
ful at the population, level* 

Regarding field studied, it pointed out that bio-accum
ulating organism

s, such as 
m

ussels and barnacles, or com
m

unities on fouling plates, could be transported to ocean 
study areas where they are not indigenous. 

It concluded by recommending a number of 
m

onitoring exercises, including observations on phytoplankton com
m

unities, fish 
populations, and open-ocean island system

s*

Three FAO fisheries technical j>apers are particularly relevant* 
One (FAO,

1976 a) reviews the use of m
arine organism

s as accum
ulatory of pollutants, evaluates 

their role, and provides guidance on their selection and utilization in relation to 
the main pollutants*

The second (FAO, 1976 b) is concerned w
ith devising a system

 of indices to 
m

easure effects of stress, dut; to human activities, on aquatic; resources* 
It. reviews 

appropriate indices and their advantages, disadvantages and constraints* 
W

hile it 
deals w

ith population, eommuniLy and ecosystem
 levels, it concentrates on community 

indices and specifically excludes bioassay and toxicity studies. 
It recommends the 

establishm
ent of an interrational network of scientists to produce, 

In about five 
years, a synthesis in the field of utilization of indices. 

Specifically, it suggests 
setting up two m

ultidisciplinary panels whose deliberations would lead to an Inter­
national symposium* 

It notes the need for long-term
, baseline studies,

The third (FAO, 1977) deals w
ith the bio-evaluation of m

arine pollutants and 
concentrates on toxic chem

icals rather than organic w
astes causing oxygen depletion.

It refers to the. typos of laboratory procedures and the types of organism
s most, 

likely to be useful in reinforcing ecological studios of m
arine pollution effects.

Two recent reports focus on field situations* 
One (NF.RC, 1976) is particularly 

concerned w
ith biological change, and for the marine, environm

ent It lists and 
evaluates some tim

e-series records available for plankton, fish and benthos, and 
discusses the organization of surveillance programmes*

The other (Unesco, 1973) concentrates on the continuous m
easurem

ent of biological 
variables and is not directed particularly towards pollution, but most of the variables 
it discusses are relevant to pollution m

onitoring. 
The report deals w

ith m
onitoring 

strategy and statistical design problem
s, and its m

ajor section, on the technical 
feasibility of Individua] m

ethods, constitutes a main part of tile recom
m

endations* 
it stresses the im

portance of m
onitoring natural variability and calls for work on 

assem
bling, processing, 

Indexing and assessing tim
e-series data from the ocean. 

The 
setting up of several working groups and review bodies is recommended*

We paid particular attention to this, and Dr. Longhurst, who had been Chairman 
of the W

orking Group, reviewed its conclusions in the light of current conditions* 
tie suggested that substantial progress had been made in the developm

ent of biological 
survey equipm

ent since the report7s publication, and that the means needed were now 
to hand or could be readily developed*

- 4 -

A research programme in the United States of America sponsored by the K
ational 

Science Foundation (the M
anganese. Nodule Project) has boon developing Instrum

ent 
platform

s fo perform
 long-term

 (up to 1 year) observations on the deep sea-floor,
The Instrum

entation is prim
arily designed to carry out m

easurem
ents of geochem

ical 
fluxes  at the w

ater—sediment, boundary, but aiso includes sedim
ent traps, current 

m
eters, light-scattering m

eters and cam
eras for tim

e-lapse photography of the sea­
floor* 

This programme and others designed to examine the problem
s of deep-ocean 

dumping 
suggest 

that 
the 

techniques 
required for exam

ining the deep benthos m
entioned 

above may soon be available.

17



GeoK rai > 1 lied soa!os
A

pplication of Clio strategy w
ill vary, depending oti the g oog ra pii io al scale, and 

in go no ral three ranges may usefully ho recognized. 
E

irsl, al 
the local loveli, one 

o an t b'i rik .in turma of point-ftourr.e pol lu C ion from individual, d i au nargua or of 
localised hot-s[iota on dumping grounds or around industrial term

inals, where tile 
details of the input may be "known and the strategy may therefore be more t [nui y 
focused. 

Thu W
orking Group d i s ruftft ft d this aspect, but in view of il.s tenus of 

reference, concentrated on the second lovei: 
tile regional, uhleri w

ill encompass
the sum of the effects of Ute locia!-scale pollution and include diffuse inputs from 
land and river run-off and from tac atmoapoorei.

At the third lovei, the global scale, the W
orking Croup concluded that there 

was sufficient reason to m
odify its strategy w

ith respect to open oceans.

There Is increasing evidence that the division between estuarine and shelf 
w

aters, on tile one harid, and the. open oceans, on the other, 
is surprisingly firm

 in 
that "leakage11 of pollutants between the two is slight. 

Since most of the Inputs 
of contam

inants are to shelf w
aters (by main rivers, Land run-off, direct discharge.), 

it is to bo expected that biological offoots w
ill occur in these regions mora quickly 

than in the open oceans, 
A

ccordingly, the greater proportion of m
onitoring effort 

should be noneeu Urated on these shelf vatorft*
Tn thft open oceans the main input of pollutants is from the atm

osphere, but tac 
relatively short residence tim

e of pollutants in the surface w
aters (<.5 years) is 

much less than can be accounted for by the average m
ixing tim

es (^20 years) of the 
surface w

aters w
ith the deeper w

ater, 
it appears that pollutants, on entering the 

aquatic phase, rapidly become associated, actively and passively, w
ith detrita! 

particulate m
aterial of relatively large size (-T 50 

um). 
These particles, alm

ost 
entirely derived from the biological cycle in the surface w

aters, are continuously 
leaving the surface water reservoir and may reach great depths alm

ost intact w
ithin 

days or weeks. 
There they accum

ulate as a superficial detrita! layer on the sedim
ent,

Tt 
is this same recent aLlochthonous detrita! m

aterial that contributes 
15-30 per cent of the required organic carbon input to the deep benthic community 
as a whole, and for some species, which scavenge selectively as epibenthos, it 
constitutes their prim

ary energy supply. 
These species, 

in particular, are likely 
to be highly susceptible to the. quality ano quantity of the settling m

aterial from 
the surface, w

ater,
Tt appears that this deep benthic fauna may be. the most suitable component for 

m
onitoring the open oceans. 

M
onitoring phytoplankton and zooplankton in the surface 

w
aters is technically feasible, and remote sensing devices w

ill play an increasingly 
im

portant role, but at present the factors controlling spatial variability, especially 
the 

influence, of rings and fronts, are so poorly understood as 
to argue against the

use 
of the plankters. The technical problem

s of exam
ining the. 

deep benthos demand
comple-x and sophisticated sam

pling method ft, 
further, the spatial heterogeneity of 

the deep benthic com
m

unities is largely unknown, and together these factors argue 
against widespread benthic surveys. 

Indeed, such a strategy would make sense, 
given the relative exposure of deep and shelf benthoft, only if the deep benthos were 
to be much more, susceptible to pollutants.

The W
orking Croup therefore recommends that if open-ocean 

m
onitoring is to be

included, 
it should at present be focused on the exaintnation of deep benthos and be

confined to a few selected sites preferably covering each m
ajor ocean, and located 

where phys ical conditions and the ocean floor are nifat i.vely stable - so-called 
"quietrf areas - and where synoptic observations on inputs to the detritus are being 
made. 

At those sites, sensitive physiological indices such as scope for growth may 
be apposite,
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Finally, 
l.hu t cas i bi.llty of using bio tog loui effects in m

onitoring exercises 
was examined by a study group set up by tile International Council for the Exploration 
of (.lie Foa. 

Tts report (LEKS, 19/8) briefly reviews recent knowledge of the effects 
of pollutants on m

arine organism
s and how such effects can be dem

onstrated and 
m

easured experim
entally and detected am? evaluated in the. field. 

It focuses inten­
tionally on shelf regions of industrialized countries, and excile i fl y om

its considera­
tion of open seas because of the low levels of contam

inants and the appartint, uniform
ity 

of these arcas, 
Furcher, willie recognizing that what m

atters in the long-term
 arc 

effects on the population and the community, the ICE?! re.port concentrates on {he 
individual organism

 and on lower levels of biological organization as a means of 
approaching higher levels and of obtaining earlier recognition of effects. 

It makes 
general suggestions about how such work could be fitted into certain types of ongoing 
programmes, but it does not attem

pt to advise on specific input to selected programmes 
in named geographical arcas* 

Finally, it recommended the convening of a sm
all inter­

national workshop of specialists to expand its conclusions* 
Ibis W

orkshop on Pollution 
Effects M

onitoring met in the lini tod Status of America in earLy spring 1 979, 
Tt 

divided into seven panels, dealing with biochem
istry, physiology, pai: hob Io 1ogy, 

behaviour, genetics, ecology and bioassay. 
Each panel recommended a number of 

procedures considered suitable for inclusion in programmes of biological m
onitoring.

The published proceedings of the W
orkshop (M

cIntyre and W
hittle, 1980) provide 

extensive references to the literature on biological effects m
onitoring.

Discussion

To ensure that any OFSAM? initiative did not repeat or significantly overlap 
earlier work, the W

orking Croup carefully reviewed the puhi leai: I (ms referred to above, 
which, taken together, provide a substantial commentary on biological variability and 
on the problem

s this causes in m
onitoring.

The group concluded from these documents and from other m
aterial at its disposal 

that much of the. earlier argum
ent against adding a biological component to m

onitoring 
programmes was no longer tunable and that in general it is no more difficult to mount 
n biological programme than a chem

ical one. 
However, a consistent strategy for 

m
onitoring biological effects has not been developed, and the. procedures for im

ple­
m

enting such a strategy have not so far been clearly set out together In a unified 
account. 

Further, there has been little integration of papers dealing w
ith such 

aspects as principles, m
ethods and strategies* 

Iii spite of these deficiencies, the 
fundam

ental principles for biological m
onitoring have been fully explored before, 

and It is unlikely that any m
ajor new Insight w

ill be forthcom
ing in the im

m
ediate 

future. 
On the other hand, recent advances In science particularly concerned w

ith 
biochem

ical and physiological 
responses w

ithin organism
s to suhlothul stress, have 

introduced significant new techniques which are in some cases now ready to he 
applied iii m

onitoring programmes. 
Tac. application of these w

ill help to avoid 
problem

s inherent in the more classical population approach to m
onitoring caused 

by natural variability in population abundance in space and tim
e.

It is noteworthy that several of the reports referred to above cali for specific 
initiatives and It is not dear why some of these have not been followed up. 

The 
need would therefore appear to be not for further basic discussion but rather for 
specific, recom

m
endations followed by im

m
ediate action.

The W
orking Group felt, therefore, that it could contribute most usefully by

(i) 
establishing a set of criteria for evaluating the usefulness of particular 
biological variables in pollution m

onitoring ;

U
i) 

evaluating a wide range of biological variables according to this set of 
criteria ;

(iii) developing a strategy for biological m
onitoring based on, and incorporating, 

appropriate techniques idencified by the evaluation process.



'IHI- SCIENTIFIC REQUIREMENTS FOR BIOLOGICAL "MONITORING

Having established that there is a need for including biological variables in 
m

arine pollution m
onitoring programmes, it is necessary to consider tile selection 

of suitable variables and the context, in which m
easurem

ents of them may be applied.

Principles fur so kui ting variables
Not ali biological variables w

ill be equally appropriate for inclusion iii 
pollution m

onitoring program
m

es, and tlicir suitability for inclusion may be assessed 
in term

s of a number of criteria. 
Some of tihese criteria (listed as category A below) 

refer to the. fundam
ental scientific aspects of assessing the. biological im

pact of an 
environm

ental change. 
Other criteria (category IO refer to the efficiency of the 

biological m
easurem

ents and to their practical value as indices of im
pact. 

A third 
group of criteria (category C) is related to adm

inistrative questions which may be 
im

portant in selecting indices for inclusion in m
onitoring programmes. 

Tn the 
follow

ing list the categories are. not ranked in order of priority, and no attem
pt is 

made: to provide a quantitative evaluation of the criteria.
A 

1. 
Ecological significance: 

can the effect be shown, or convincingly argued,
to he related to an adversa or damaging effect on the growth, reproduction 
or survival of the individual or the population, and ultim

ately on the 
w

ell-being of the com
m

unity/ecosystem
?

2* 
Relevance to other effects: can the. effect be related to other effects at 
higher or lower levels or organisation?

3. 
Specificity: 

how specific is the effect in relation to the causative
agent?

4* 
R

eversibility : 
to what degree can the variable return to its original

level when the causative agent Is removed?
5* 

Range of taxa: 
is the. effect specific to particular taxa?

Ibis criterion may be relevant aiso to categories B and C.

BC

1. 
Q

uantitative aspects: 
does the. effect bear a quantitative or predictable,

relationship to the cause. (L*e., pollution)?

2» 
Sensitivity : 

what intensity of stressor is required to elicit the effect?

3, 
Scope: 

over what range of intensity of stressor is the effect observable?
4. 

Response rate: 
how quickly is there, an observable effect? 

(hours, days,
years)?

3. 
Signal poise ratio: 

can the: effect (signal) be easily detected above the
natural variability (noise)?

6. 
Precision : 

can the effect be m
easured accurately and precisely?

1. 
Cost: liow expensive is the m

easurem
ent of the variable :in term

s of capital 
equipm

ent, running costs, training costs and manpower?
2. 

Appl 1 cat ion : 
to what extent has the effect, been used in a field m

onitoring
programme and shown t.o be related to pollution?

Effects m
easurem

ents at any one level of biological organization w
ill not score 

high by ali the above-m
entioned criteria because some, sueli as "ecological signifi­

cance" and "sens 11 iv i ty"/"specif ic 1 ty11 may be inversely related over the ranga of
- 6 -

TABLE 2

ELEMENTS TN STUDYING THE DISTRIBUTION Ul RlDLOGTCAb EFFECTS
Phase T 

Identification: 
Ui stri hut ion of known inputs:

- chem
ical analyses of w

ater, sedim
ent and 

biota;

- selected bioassay of organism
s (e.g., estim

ates 
of lysosomal fragility);

- elevated incidence of m
orphological/pathological 

abnorm
alities in fish populations;

- bioassay of surface/deep w
ater witti oyster/ 

echinodon)) l nr vao, hydro ids *
"Phase II 

Q
uantification: 

To be im
plem

ented on detection of spatial vari­
ability of any phasa T determ

inations* 
in order:

- survey of benthic community structure;

- survey of benthic population param
eters;

- physiological indices (e.g*, scope for growth)
in selected widespread species (c*g., Crassostrea, 
M

ytilus);

- bioc liemi cal 
indices in above-m

entioned species.
Phase III 

Causation: 
Io he implemented on confirm

ation of significant
effect assessed by the above-m

entioned procedures:
- by specific chem

ical analyses of w
ater, sedim

ent, 
biota for suspected contam

inants;

- bioassay, w
ith specific chem

ical m
odifications 

to w
ater sam

ples.

- biochem
ical techniques specific to chem

icals 
or chem

ical classes*

Temporal aspects* 
Study of changes in intensity witti time. Ls concerned with 

establishing trends. 
Thia can be. done: 

(i) in conjunction w
ith a spatial mapping

exercise t.o dem
onstrate changes in geographical distribution, one spatial 

survey 
identifying the distribution being repeated on an appropriate tim

e sequence; 
or 

(ii) by repeated observations at the same site to dem
onstrate station-specific 

trends. 
The approach can clearly be applied over various tim

e scales, depending 
on the nature of the contam

inant Inputs*

The strategy for determ
ining tem

poral changes is sim
ilar to that for spatial 

changes as set out in Table 2, except that the objectives become the identification 
of changing inputs, changing levels of chem

icals in the environm
ent, changing 

Incidences of m
orphological m

odifications in fish, and c. hang in g size and frequency 
of hot-spots* 

The usa of bloassays provides a good basis for m
easuring changes in 

w
ater quality, as long as a suitable baseline such as synthetic sea w

ater can be 
established. 

Tn sueli work, variations in w
ater quality duo to seasonal Influence, 

bloom
s, changes in coastal run-off, etc., must be taken Into account. 

An adequate 
trend-m

onitoring study w
ill require a suite of biological procedures covering, in 

particular, sensitivity, causation and ecological relevance, drawn from the 
possibilities listed under phases II and III of the spatial study.
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H id logical variables In phase I must be sensitive and precise. 
That .is, they 

should be responsive Lo very slight changes iii the chem
ical com

position of their 
environm

ent but, at the same tim
e, they should be capable of precise m

easurem
ent 

and discrim
inatum

 against normal variabilily - they should have a high "signal to 
noise" ratio. 

A
iso, to be useful on a wide scale, they should be aheap and generally 

applicable. 
'Hie incidence of abnorm

al m
orphological and pathobiological conditions 

in fish, as defined earlier, appears to be highly suitable for broad-scale discrim
ina 

tien and ever long tim
e periods. 

Bioassays of sea waLer sam
ples, although probably 

subject to greater tempura 1 variability, 
fulfil 

ali other requirem
ents, and resolu­

tion can be Increased m
erely by Increasing the intensity of the sam

pling grid. 
O

bservations on lysosom
al stability of the bioassay organism

s o.an aiso be a useful 
additional technique.

Phase IT. 
The dem

onstration of a "hot.-spot" by the above-m
entioned procedures 

does not of itself Indicate biological damage. 
ConfIrm

ation and quantification is 
then required, and this constitutes phase II, which relies on the exam

ination of 
îîiore ecologically significant variables, 

Since, one purpose, of biological m
onitoring 

is to ascertain tile health of the ecosystem
, gross m

easurem
ents at coimnunity level 

arc im
portant* 

This approach would have been advocated in phase I but for its 
relatively high cost, for its insensitivity, and for the problem

s of interpretation. 
The W

orking Group endorsed Lite conclus ion reached by the Ecological Panel of the 
ICES W

orkshop on 'Pollution Effects M
onitoring, that analysis of the. benthic and 

epibenthic com
m

unities, including littoral com
m

unities, is likely to bo more cost- 
effective than plankton work, 

As indicated earlier, however, the case for detailed 
analysis of benthic com

m
unities in a m

onitoring role is not yet proven, and the 
W

orking Croup recommends that only gross m
easures such as total abundance, total 

biom
ass, etc*, be done initially, 

To obtain increased .sensitivity, it is recommended 
that, general physiological m

easurem
ents, such as scope Tor growth and blochii™

 i cal 
m

easurem
ents, be mode.

Phase TTT. 
At this stage it may be possible to ascribe the causes (where these 

are not already known) uf any effects using circum
stantial evidence, and this can be 

enhanced by increased chem
ical sam

pling, w
ith specific analyses using advanced tech­

niques. 
Tt may be no Led that phase III requires a rather different type of chem

istry 
from that likely to be used in phase i- 

The lator phases are concerned w
ith 

quantification and with understanding dose/response relationships so that knowledge 
of the spéciation of chem

icals and of their partition in different biological com
part 

m
eats is needed. 

Bioassays on seaw
ater sam

ples m
odified in specific ways to alter 

their chemical, quality is a relevant biological approach, and it is at this stage 
that the extensive usa of laboratory experim

ents on the effects of substances 
(i.e., retrospective testing) becomes particularly useful.

For a lim
ited number of substances, nr types of substances, specific biological 

effects can be sought, but it should be noted that effects w
ill often be produced by 

the interactions of numerous contam
inants rather than by single substances acting 

alone♦The essential aspects of the strategy are set out in Tabic 2.
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organisational levels. 
For example'., effects at higher levels of organization 

(commun 11 y, population) ara generally moro significant ecologically but. relatively 
insensitive and non-specific, in contrast to changes at lower levels of organisation 
(cellular and m

olecular) which are usually more sensitive and specific but less 
significant ecologically. 

In any biological effoeta monItering programme them
 may 

be a requirem
ent for highly specific or for non-specific biological effects m

easure­
m

ents, or both. 
Each biological variable selected w

ill then be either: 
(I) a general, 

(non-specific) stress response to the total environm
ental stim

ulus - because pollution 
is often not Hue to a specific causative agent but rather to a complex com

bination 
of factors acting in concert w

ith natural environm
ental variables, or (ii) a specific 

(selective) response to a particular class of contam
inants chosen in an attem

pt to 
estabLis)i a cause-effect relationship.

C
learly, to meet, both basic requirem

ents (j.e., generality and specificity), 
It 

is necessary to include biological effects at several Levels of organization.

Evaluation of sei acted biological variabies
There are many variables that could he evaluated by the criteria set out above, 

but the W
orking Group agreed to focus on those Chat had already been subjected to 

some system
atic exam

ination. 
Among these were the variables referred to by the 

seven panels at the ICIS W
orkshop on Pollution Effects M

onitoring. 
We listed 

37 variables (Table 1) and assessed them according to the 13 criteria. 
Each variable 

was discussed at Length, then allocated a score, on a three-point, scale, based on 
its assessm

ent: according to the criteria. 
A

fter consideration of tile scores, each 
variable was given a general evaluation (l..o some extent oti a subjective basis since 
it proved difficult to apply weigh tings to the different scores ani! criteria) and 
categorized 1, 2 or 3 as follow

s:

1. 
Highly recommended for im

m
ediate use in m

onitoring programmes in ali 
regioTis; ot

2. 
Recommended only for selective use because it was more costly or required 
further field testing before it could be used routinely; or

3. 
Potentially useful but not recommended at present because the approach and 
techniques required further developm

ent.

A biological effect highly recommended Tor immediate use may not be entirely free 
of problem

s in its routine m
onitoring. 

An investigator must, bo aware of the 
Lim

itations and the necessary scientific considerations (e.g., statistical require­
m

ents, im
portance of endogenous and exogenous factors) associated w

ith each effect 
m

easurem
ent before planning and im

plem
enting biological m

onitoring programmes. 
These 

detailed scientific considerations were discussed at the ICES W
orkshop oti Fo'! lui: ion 

Effects M
onitoring (M

cIntyre and W
ui Lile 1980) and are dealt w

ith In a practical 
manual 

In preparation at the Institute of M
arine Environm

ental Research (Flym
outh, 

United Kingdom).

The evaluations of 37 biological variables ate summarized in Tables la and Lb,
The m

ajor advantages and disadvantages of each arc briefly outlined below. 
A moro 

detailed review is given by the reports of the seven panels of the ICES W
orkshop on 

Fallut Ion Effects M
onitoring (M

cIntyre and W
hittle, 1980),
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TABLE la

VARIABLES DIS CU SS H) AND THEIR FA'AU'ATLON (EE::

M
easurement

1 . 
BIOCHEMICAL EFFECTS
M

ixed function oxidase 
M

étallothioneIn 
Lysosomal stahliity 
Steroids 
Energy charge 
Blood che.m

lstry 
Taurine/G

lycine 
?rI mar y production

2. 
GENETIC EFEECTS
Chromosomal abnorm

alitie-s 
M

utagenicity assay
3. 

physiological effects
Respiration
Feeding rate
Body condition index
Scope for growth (+ growth efficiency) 
Oxygen/Nitrogen

h. 
MORPHOLOGICAL AND PATHOLOGICAL EFFECTS
G

ili deform
ity

Liver  structure
Gametogenic cycle
Liver as per cent body weight
U

lcers
Fin erosion
Neoplasia/Tum

ours
Asymmetry
Early developm

ental, stage

3. 
B ENAVIO URAL EFT E CT S 
Torque test

b. 
ECOLOGICAL EFFECTS
Community biom

ass
Abundance
D

iversity
A

lterations in distribut1on 
Species density 
Growth rate
Reproduction (gonad as % body w

t,) 
Population structure

7. 
BIOASSAY
Bivalve/Echinoderm

 larvae 
M

icroalgae bioassay 
Hydroid bioassay

- 8 -

TEXT TOR EXPLANATION) 

Evaluation
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THE FEASIBILITY OF ESTABLISHING PRACTICAL PROCEDURES

Surategy for b i oleg i cal mon i Loring
Eberti are several possible, m

onitoring objectives: 
for input control; 

the
protection of human health; 

the determ
ination of spatial and tem

poral trends in 
contam

inât ion and its effects on the ecosystem
; 

the provision of environm
ental 

management Hata. 
C

onstraints of tim
e and resources often make it necessary that 

a single, m
onitoring exorcise subserve several requirem

ents, but the programme, 
whether single or m

ulti-purpose, may usefully be built up according to a consistent 
strategy that w

ill enable the requirem
ents of different objectives to be identified 

and appropriate techniques used.
In developing sueli a strategy, the W

orking Group recognized three phases:

Phase I 
identification; 

detecting a change in tim
e and/or space;

Phase II 
quantification: 

establishing the degree or extent, of the change;

Phase III 
causation: 

determ
ining the cause of the observed change.

The recognition of these phases is im
portant because techniques appropriate to one 

phase w
ill usually be less appropriate to another. 

For exam
ple, it has been pointed 

out that many of the readily observable biological changes can be produced by a wide 
variety of causes, not ali related to pollution, but by selecting a suite of non­
specific biological effects m

easurem
ents, changes from the normal 

state, however 
caused, can be quickly identified and quantified. 

On the other harid, the m
easurem

ent 
of biological effects specific to otic particular pollutant w

ill not identify effects 
produced by other pollutants.

These phases may be regarded as a tem
poral sequence of discrete investigations 

for m
onitoring biological effects of pollution. 

It should be noted that in many 
cases (for exam

ple, when hot-spots are already known) phase I, which concentrates 
on chem

istry and involves biology largely to detect a signal, may have been accom­
plished before the start of the investigation. 

It is then possible to begin w
ith 

phase II. 
At each phase, techniques could be. used to Increase the precision or 

sensitivity before the next phase was entered into. 
Furtherm

ore, at any point w
ithin 

this strategy, an evaluation of the situation based on scientific or economic 
considerations could indicate that further investigation is unw

arranted.

Im
plem

enting the strategy
We. may now examine how the variables evaluated in the earlier sections can be 

drawn into this framework to produce, practical guidelines for a m
onitoring programme, 

It Is useful for descriptive purposes to consider seat tai and tem
poral aspects 

Separately, although the com
ponents of both are essent Lai l.y the sama.

Phase T. 
Tn the context of spatial variability, the identification phase is 

concerned w
ith mapping potential or actual effects and thus pinpointing "hot-spots" 

of pollution. 
This allow

s the effort in tile later 
phases to be concentrated at 

those sites where biological effects are most likely to occur.
Rotent. Lui "hot-spots" of effects can be inferred from the distribution of 

contam
inating inputs and from areas w

ith elevated levels of contam
inants in w

ater, 
sedim

ent and biota. 
Increased resolution may be achieved using chem

ical analysis 
of sessile suspension feeders of wide geographical distribution (such as Mytilus); 
m

obile species (such as fish) may aiso be used but they provide poorer resolution. 
Spatial discrim

ination by these m
ethods can he very high. General requirem

ents for 
biological accum

ulators are discussed in a report already referred to
(FAO, 197G a).
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A
ltera t î or s in lysosom

al stability Is ;i biochem
ical effect that car he. readily 

incorporated into a pelletien m
onitoring programme because it Ik quantitative, non- 

spec Iii o, sensitive, tias a high response rate and signal/noise ratio, it can be 
applied to a variety of organises and has been tested in field studies. 

The main 
disadvantages are the relatively high equipm

ent costs (a cryostat is needed) and the 
low ecological significance, although it has been shown Lo be correlated w

ith effects 
m

easured at higher levels of organization.

Two biochem
ical effects m

easurem
ents w

ith some degree of specificity are m
ixed- 

function oxidase (MFO) and raetallothionein; 
the form

er is concerned w
ith the 

m
etabolism

 of xcnobi.otics (including petroleum
 hydrocarbons) and the latter is 

involved In m
etal detoxification by protein binding. 

Both biochem
ical effects are 

sensitive, probably with a low scope, are responsive, applicable to a wide range of 
organism

s and have a high signal/noise ratio. 
However, their measurement involves 

high co*t in term
s of equipm

ent and training, and more extensive field evaluation 
is required. 

Consequently, these two specific biochem
ical effects can be recommended 

only for selective use at present.
Although the Group restricted its discussion and evaluation to the 37 variables 

listed in Table 1, the list is not exhaustive. 
A

dditional effects could be. proposed, 
assessed in term

s of the 13 criteria, given an appropriate evaluation, and compared 
w

ith the existing list of variables.
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TABLE lb

HIGHLY RECOMMENDED MEASUREMENT’S

Lysosomal stability
Taurine/G

lycine
Feeding rate
Body condition index
Scope fur growth
Oxygen/Kit rogeri
Liver as % body w

t.
U

lcers
Fin erosion
V

ertebral damage

Asymmetry 
Community biom

ass 
Abundance 
D

iversity
A

lterations in distribution 
Spec!es density 
Growth rate 
Gonad as % body wt.
Populat Ion structure 
Bioassays

Bioassay. 
Bioassay techniques are used prim

arily for biological, assessm
ent of 

w
ater quality. 

Three types of bioassays (on hiva!ve/cchinodem
 larvae, m

icroalgae 
and colonial hydroida) have been applied successfully, albeit on a sm

all scale, 
and are considered suitable for the identification of pollution "hot-spots" In a 
routine m

onitoring programme. 
They ali have the advantage of being highly quantita­

tive, sensitive and precise, w
ith a high signal/noise ratio and response rate 

(e.g., w
ithin 48 hours for oyster and echinoderma larvae and m

icroalgae), combined 
w

ith a low cost. 
However, the use of bioassays should be lim

ited to identifying 
the presence, of "hot-spots" because the response m

easured in isolation has little 
ecological significance.

Ecological effects. 
M

easurements of ali the ecological effects listed in 
Table la are considered suitable for application in a m

onitoring programme but the 
effects generally have a low signal/noise ratio and a very slow response rate. 

An 
initial assessm

ent of ecological conditions can be achieved by means of community 
biom

ass, abundance, diversity Indices, and alterations in the distribution of 
selected species. 

M
easures of community biom

ass and abundance are included because 
they are relatively easy to obtain and require little tim

e and expertise in species 
identification.

Further detailed analysis of community and population structure, species 
density, and estim

ates of growth rate and fecundity are considered im
portant 

ecological effects m
easurem

ents but involve extra cost, combined w
ith a need for 

a higher level of training in sam
pling and statistical procedures. 

The sensi­
tivity and scone of altered species distribution and density are usually low but 
arc largely a function of the species selected for detailed study.

Growth rate, is an im
portant biological effect m

easurem
ent but one that is 

often difficult to determ
ine accurately in invertebrates. 

Estim
ates of growth 

rate, m
easured in term

s of shell length, body length or weight changes, often ignore 
gamete production which can form a large, proportion of the total production in many 
adult stages and represent a component of growth that is most likely to be affected 
by stress and pollution.

As w
ell as invertebrates and fish to which the above rem

arks largely refer, top 
predators such ns birds and mammals are appropriate for ecological! studies and may 
be more am

enable to direct observation and counting.

Behavioural effects. 
The behavioural, effects panel at the. ICES W

orkshop did 
not recommend any specific tests for use in a m

onitoring programme, partly because 
behavioural effects arc. often different, to m

easure in the field. 
One behavioural 

response, the 1ltorque tost", has been dem
onstrated as a useful m

easurem
ent of 

pollution effects in fish and is therefore considered in Table 1. 
Tt is m

oderately 
sensitive and has been applied to a lim

ited extent in a field m
onitoring urogramme 

but has the disadvantage of being applicable to only a few fish species, and
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requi r Ing expensive eqi.i Ipm
ent* 

I.n generaL, Lile; effects ot abnorm
al hehuv Iour mnv be 

more, readily observed and used than die im
m

ediate behavioural response ► 
Tims avo Ldaneo 

in fish may be reflected in altered distribution w
hile egg breaking by birds and 

abnorm
al suckling by seals result in changes in population num

bers,
M

orphological and pathobiologicaI effects. 
Several m

orphological and patho- 
bi.ologi cal effects (e*g*, vertebral damage, asym

m
etry, fin erosion and ulcers) can 

be examined in fish populations at Low cost and without. Involving highly trained 
personnel or sophisticated scientific equipment* 

They are, therefore, considered 
suitable for the initial identification of hot-spots* 

However, the collection of 
data from com

m
ercial fisheries may not be feasible if deform

ed and damaged fish are 
disposed of before, they are landed. 

It is noted that, vertebral damage can be 
assessed w

ithout the use of x-ray techniques but there is a reduction in sensitivity. 
The assessm

ent of ulcers in term
s of sensitivity and scope was not possible owing 

to lack of experim
entation*

A
lterations in liver/digestive gland structure and gam

etogenesis, neoplasia/ 
tum

ours, graniilocytom
as and abnorm

alities in early developm
ental stages are ali 

m
easurem

ents suitable for inclusion in a m
onitoring programme but require scientists 

trained and experienced in m
icroscopic studies* 

In many cases these histopathological 
effects m

easurem
ents can be perform

ed on the same sections taken from the. same 
individuals used for physiological and/or chem

ical analyses, and together these 
m

easurem
ents can form a m

ajor part of an integrated m
onitoring programme. 

G
ili 

deform
ity in fish, Crustacea and m

olluscs is not reconna ended for use at present 
because the precision required to detect change cannot be. achieved w

ithout expensive 
equipm

ent and highly trained scientists, and it has not been adequately tested in 
field programm

es.

FhysioIo gical effects. The physiological responses of organism
s are more 

quantitative, sensitive and responsive to pollution than ecological effects m
easure­

m
ents, and have been applied and shown to be suitable for assessing the degree and 

extent of pollution effects* 
However, the costs are generally higher in term

s of 
equipm

ent and training.

R
espiration Is not considered suitable as an isolated response because it lacks 

a clear quantitative relationship w
ith stress and pollution, and is relatively 

insensitive, but it should be m
easured as a component of the balanced energy equation 

from which ''scope for growth" is derived*

feeding rate is quantitative and sensitive, and is of ecological significance 
and therefore should be m

easured whenever possible as an individual rate function or 
preferably as part of the balanced energy equation.

Scope for growth or the growth potential of an organism
 is derived from m

easure­
m

ents of rates of feeding, respiration, excretion and food absorption efficiency, 
followed by integration in term

s of the balanced energy equation. 
This physiological 

integration is recommended since it. is quantitative, ecologically significant, relat- 
able, has a wide, scope, and has been evaluated in field m

onLtoring program
m

es. 
Two 

additional physiological stress Indices, the ratio of oxygen consumed to nitrogen 
excreted, and growth efficiency, can be obtained from tile same set of basic physio­
logical m

easurem
ents used to compute scope for growth w

ithout incurring any additional 
costs. 

They provide inform
ation on the balance between catabolic processes and the 

efficiency w
ith which an organism

 functions, satisfy many of the criteria, and arc 
therefore recommended for inclusion in m

onitoring programmes.

The body condition and body component indices are recommended for use in 
m

onitoring programmes because body w
eights are usually required for other effects 

m
easurem

ents (e.g* physiological, and population structure). 
They are easily 

determ
ined at low costs, and are ecologically significant (I*e*, reflect changes 

in nutritional status). 
However, they have the disadvantage of being insensitive, 

variable and slow in responding to environm
ental change..

IO

G
enetic effects* 

None of the. genetic effects m
easurem

ents discussed at the 
ICES W

orkshop on Pollution Effects M
onitoring can be recommended for use at present 

but are regarded as having long-term
 potential follow

ing further developm
ent and 

evaluation  in pollution studies*
The assessm

ent of chromosomal damage in relation to pollution is considered a 
useful effects m

easurem
ent, but at present it has a high cost in term

s of trained 
personnel and high quality m

icroscopes, and may be relatively insensitive* 
Although 

the m
utagenicity assay lias been included as a biological effect of pollution, it is 

generally regarded as an assay for m
utagenic chem

icals and therefore difficult to 
assess in term

s of the 13 criteria* 
Lt is clearly an im

portant assay that should 
be developed further, hui owing Lo its cost and insufficient testing in a field 
programme, it is not suggested as suitable for Inclusion in a m

onitoring programme 
at present.

Biochem
ica1 effects. Several biochem

ical effects arc. considered suitable fur 
use in a m

onitoring programme but only In conjunction with other effects m
easure­

m
ents at higher levels of organisation. 

Biochem
ical effects can be divided into 

two categories; 
those that are general (non-specific) and those that are indicative 

of the specific toxic action of particular pollutants* 
M

ost biochem
ical 

indices 
considered at the ICES W

orkshop were non-specific, and only two specific effects wTere 
evaluated (m

ixed-function oxidase and m
etallothionein).

14
Prim

ary production, m
easured In term

s of 
(J fixation, is included in the bio­

chem
ical effects, although it can be regarded as an ecological effects m

easurem
ent 

(i.e., total production of m
icroalgae and other m

icro-organism
s in a body of w

ater).
It may be useful as a low cost, general indicator of environm

ental condition, if 
scintillation counters are available, but has the disadvantage of not showing a clear 
quantitative relationship w

ith pollution, high variability (low signal/noise) and 
in sui' f ic ient field evaluation.

Thu ratio of two fruu am
ino-acids, taurine and glycine, 

In the tissues of 
bivalves is recommended for use in m

onitoring programmes since It has been shown 
to be quantitative and m

oderately sensitive, w
ith a wide scope, and has been applied 

and evaluated in field programmes. 
However, 

its use Is restricted to m
arine bivalves 

and to laboratories w
ith an am

ino-uei.d analyser.
Blood chem

istry is a general term
 that Includes a wide range of measurements*

The conclusions of the. biochem
istry and physiology panels at tile ICES W

orkshop was 
that considerable research still rem

ains to be carried out w
ith fish and inverte­

brates before blood chem
istry is developed into a proven m

onitoring technique. 
The 

main disadvantages are that many of the blood com
ponents show no predictable and 

quantitative relationship w
ith stress and pollution, ana there has been little field 

application of the more prom
ising techniques.

Adenylate energy change is a m
easure of the m

etabolic energy available Lo the 
organism

. 
This general biochem

ical effect is applicable to ali organism
s, is respon­

sive and has a high signal/noise rat.io; 
but evidence suggests that 

It is relatively 
insensitive w

ith a low scope and a nieli cost. 
Although energy change has been 

proposed as a general biochem
ical effect, 

it stiU
 requires field application and 

evaluation,
Changes in steroid hormone m

etabolism
 may prove to be sensitive and ecologically 

significant indicators of pollution effects, but only a fewT species of fish have been 
studied in a very lim

ited number of laboratories* 
Before steroid-m

etabolism
 m

easure­
ments coul.d be applied routinely i.n m

onitoring, it wTould be necessary to carry out 
basic steroid hormone research on a wide range of vertebrates and Invertebrates in 
order to establish the background inform

ation. 
Consequently, steroids arc not suitanle 

for usa in m
onitoring programmes at present*11


