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PREFACE .

Following the FAO Technical Conference on Marine Pollution and its Effects on Living
Resources and Fishing 5 December 1970), collaboration betwsen the Swedish International
Development Authority (SIDA) and FAO was extended to aspects of training in the field of
marine pollution and plans were developed for a series of Training Courses on Marine Pollution
in Relation to Protection of Living Resources. ,

So far, four courses of this series have been held,

The first course (Gothenburg, Sweden, Nay-June 1972) was arranged for senior scientisis
and research managers from developing countries in charge of planmning investigations or
" developing of control or monitoring programmes. The course provided a broad review on pollu-
tants knomn to be hazardous to marine life and fisheries, their fate and effects. Related
research and monitoring problems and scientific and administrative elements of importance for
management measures were revieswed.

The second course, held in Gothenburg and Stockholm in July-September 1973, was arranged
for research workers from developing countries (diologists, chemists, technicians, etc.) and
was oriented towards plarmning and conduct of research and monitoring sctivities giving training
in technigques and equipment currently used for the detection and uuurmnt of polluta.nts in
the aquatic enviromment,

 The third course (Lima, Peru, February~March 1975) was arranged for participants from
Latin American countries with the purpose of providing a scientific basis for the protection
of living resources from pollution and for management of the quality of the aquatic enviromment,

The fourth course held in Lysekil, Sweden, in October=November 1975 was arranged for
'scientiots from developing countries providing training in, and demonstration of, bioassays
and toxicity testing techniques ocurrently used for biological monitoring and establishing of
water quality criteria.

This volume contains a selection of the lectures given at the sscond course, It was
completed by the staff -of the FAO Fishery Resources and Environment Divieion, particularly
Nr, A. Wenblad. Editorial assistance was given by Dr. Re Vaz, SNU Special Analytical Labo-
ratory, Wallenberg Laboratory, Stockholm, Sweden. The viewn expressed are those of the indi-
vidual lecturers and are not necessarily those of FAOC or SIDA. ,

- Baged on papers on amalytical techniques for pollution measurements, presented during
the second ocourse, the Manual of Methods in Aquatic Enviromment Research, Part 1, Mcthods for
Detection, Measurement and Monitoring of Water Pollution has been published (FAO F:.sh.’rech.

Pap,137).



CORTENTS

PRINARY PRODUCTION AND NUTRIENTS IN SEA WATER
by Se Fonselius

REDOX MEASUREMENTS IN NATURAL WATERS AND SEDD(ENTS

"by L.E. ngander

INTERLABORATORY STUDY OF METHODS FOR CHEMICAL ANALYSIS OF HATER
by Ge Ekedahl and B, RUndell

OIL AND OI‘L DISPERSANTS
by S.Re Carlberg

CASE STUDY: CHENICAL ANALYSES OF A SEA AREA POLLUTED BY MINERAL OIL
b" SeRe Carlbcrg ‘

ECOLOGICAL EFFECTS OF NARIKE POLLUTAITS

by AeDe McIntyre

TAVESTIGATION OF ACUTE POLLUTIO' PROBLINS mm FISHERIES IN ESTUARIES AND
COASTAL WATERS
by J oSo Alabaster

TOXICITY TESTING AT KRISTIFEBERG ZOOLOGICAL STATION
by M. Swedmark, f. Grammo and S. Kollberg

TOXICITY TESTING IN A COETINUOUS FLOW SYSTEM
by I. Berg and Ai. Gra.nlo

BIOASSAY METHODS USED BY THE RESEARCH LABORATORY AT THE SWEDISH NATIONAL
ENVIRORMENT PROTECTION BOARD
by Te Hasselrot

HONITORING OF AQUATIC POLLUTION
by G. Tomczak

16

28

36

47

56

65

75

81



'PRIMARY PRODUCTION AND NUTRIENTS IN SEA WATER
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1. INTRODUCTION

The biological activity in°sea and lake water is regulated by light, transparency of the
water, temperature, and availability of nutrients, vitamins, hormones, trace elements and
other growth.regulating factors.

The availability of mutrient salis often limit{s the growth or organic production,
Nutrient salts are necessary for the organisms and are taken up by them. When the organisms
. @ie, they are decomposed through bactserial breakdown or oxidation. The nutrients are thus
-brought back into the water in inorganic form. Because the organisms sink when they die the
nutrient salts are removed from the surface water and accumulated in the deep water. They

are also taken down in convergence areas or through the sinking of cold water during winter.
_In upwelling areas muirients are brought back to the surface. In some areas the winter
eonvection ma.y also bring up nutriemt-rich water to the surface.

2. UTILIZATION OF NUTRIENTS FOR PRJ]!AHY PROIUCTION
According to Liebig's law of minimum, the growth and yield of a crop is dependent on
that nutrient which is present in a minimum. The nutrients which may limit the production
in water are phosphorus and nitrogen. Both may reach concentrations close to zero in matural
waters. In order to be available for the phytoplankiton they have to be in inorganic or very
gimple organic form, the phosphorus as phosphate and the nitrogen as nitrate, nitrite,
ammonia, urea or some amino acids. .

In fresh water the availability of phosphorus is generally the nutrienmt factor that
limits production. In the oceans the nitrogen supply is considered to be most limiting. But
after a high phosphorus inorease, nitrogen and not phosphorus may act as the limiting factor
in inland and brackish waters. Inorganic carbon may act as the limiting factor for the
phytoplankton production in extremely productive and alkaline waters. Many metals (e.g. ironm,
manganese, ocobalt, molybdemum, zinc and sometimes also magnesium) and chelating substances
"have such low oonoontra.tions zespacia.lly in mttrient-poor \ﬁ.’ters that they limit the growth
of algame.

Elenents are removed from the water phue by formation of organic matter through photo—
synthetio assimilation. These elements are utilized in constant proportions for forming

pbytoplankton, and also to a smaller degree for h:lghor levels of the food chain. The



2lementary composition of living organic matter is for every species quite constant. Carbon,
hydrogen and oxygen form the main part of organic matter, roughly in the proportion CH20
(12:2:16). There are also other elements, important for the organism, present in organic
matier in constant proporiions, Analysis of large plankton samples which represent the main
biomass in the open sea have given quite constant proportions for carbon, nitrogen and phos-
phorus.

Table T

Atomic Ratios of the Primcipal Elements in Plankton
(Fleming, 1940)

c ¥ P
Zooplankton 103 16.5 1
Phytoplankton 108 155 1
Average 106 16 1

The free oxygen which is produced in the synthesis or is utilized in the decomposition
of the plankton should be 212 atoms for each phosphorus atom if only carbon is oxidized.
We assume according to Richards (1965) that the biomass has the following general composition
and that it decomposes as shown below:

(cnzo) 106(NH3)1633P04 = 106 CH,0 + 16 KH, + H3P04

106 CHEO + 106 02 = 106 002 + 106 H20

16NH3+3202= 16 HRO +16H20

3

(cn20)106(m3)1633po4 + 138 0, = 106 CO, + 122 H,0 + 16 HNO, + H,PO,

As can be seen, four atoms of oxygen are utilized in oxidizing each atom of nitrogen and
the total oxygen consumption is 138 molecules. The O:P ratio will them be 276:1.

These ratios make it possible to estimate the average proportions in which the concen-
tration of nutrients in sea water may be expected to change due to biological activity. The
changes observed in the composition of the nutrient concentrations seem to confirm these
theoretical considerations. The composition of plankton has here been assumed to be comstant,
. which of course is not always true. The composition of the different species in the bicmass
is variable and dependent on time and place. Each species may be expected to have a somewhat
different chemical composition.

3. SOME FACTORS LIMITING PRIMARY PRODUCTION

3s1 Nitrogen axid phosphorus

It has been shown through culture experiments ¢that the chemical composition of unicellular
algae changes when the composition of the medium im which they grow is altered. If the concen-
tration of one element is very low in the medium, relative to the need of the organism, cell
growth and division can continue for some time. The cells which are produced conmtain smaller
amounts of the deficient elements than the normal cells., Wkhen there is an excess of an
element in the medium, the cells can increase their content of this element (luxury consumption).



When plankton growth in the sea water increases, available nitrogen and phosphorus dis—
solved in the water are greatly reduced, In Long Island Sound, according to Riley and Conover
(1956), nitrogen seems to be the element available in minimum proportions relative to the
needs of the phytoplankton. Ite ratio to phosphorus varied there from almost zero to 8:1.

The N:P ratio in the plankton was found by Harris and Riley (1956) to be on an average 16.7:1.
In spite of the abnormal ratio of N:P in the water, the planis seem to assimilate the elements
in the normal ratio of 1621 until the nuirient concentrations reach extremely low values.

When the nitrogen is nearly exhausted from the water phase the phytoplankton seem to be able
to continue to utilize phosphorus, which is present in surplus proportions..

Most of the common algae will cbtain comparable growth rates with nitrate, nitrite or
ammonia. When all three nitrogen sources are present simultaneously in the water, many forms
seem to prefer ammonia. According to Vaccaro {1965) this may depend on a toxic effect of the
enzymatic reduction of nitrate. It has been shown that starved Chlorella cells given equiva—-
" lent amounts of nitrogen recovered faster with ammonia than with nitrate. It has also to be
pointed out that ammonia is often the only form of nitrogen available in the surface water in
measurable amounts during high productive seasons.

It is difficult to explain how phytoplankion can continue to form cells of normal chemical
composition when they grow in sea water from which an essential nutrient may be almost absent.
According to Redfield et al, (1963), this could be explained in the following way. Mixing
processes may transport nutrients from deeper layers up to the euphotic surface water, e.g.
eddy diffusion may deliver phosphorus and nitrogen to the surface layer in a higher ratio than
normally ocours in this layer. When dead plankton celles decompose, phosphorus and nitrogen
are also regenerated in a different ratio than their composition indicates. There is also the
‘possibility that phosphorus for example, is regenerated faster and that nitrogem is retained
in the marine humus, which may be quite stable. Accordingto Redfield et al. (1963) the nut-
rients present in the water represent only the residue of elements, which are not required for
the algal cell composition.

There does not seem to be any proof that natural algal populations may form cells with
an abnormal composition.  In laboratory experiments with algal cultures it has, however, been
. possib].e to grow cells with nutrient deficiencies. ' ‘

Rodfield et al. (1963) have also established a norm for surface water regarding nutrients,

‘Thus deviations from the norm can be expressed. As the norm for phosphorus a value based on
the conditions in the deeper water of the Antarotic Ocean was used. They derived & nitrogen
norm from this value using the ratio 15:11. For the carbon concentration the value given by
Sverdrup et 9}4_'.(1942) was uged. The oxygen value was taken as the oxygen saturation value

for normal ocean water at +2 C. Table II shows the ratios in which these elements are available
in "normal® sea water and those in vaich they are used for the formation of organic matter.

The ratio of availability to utilization is also given.

It can be seen that nitrogen and phosphorus ocourring in see water have almost exactly
the proportions in which they are utilized. This was first observed by Harvey (1926) in the
English Chammel. During the growing season both nutriemts disappeared from the surface water.

We can also see that carbon is present in a large excess (ten times the quantity which
can be utilized) if phosphorus and nitrogen limit the produotion, Therefore carbon canmot be
a limiting factor in normal sea water. , There will always be enough carbon for building up
organic matter. Often there are small residues of nitrogen or phosphorus left in the water,
depending on the nutrient that has been completely utilized. It is of course clear that loocal
variations may ocour in the surface water resulting in differences in the composition of the
water.



Table II

Availability of lgu‘trien'c Elemem!s in "Average" Sea HWater
(S = 34.7% T = 2°C) and the Ratios of their Availability
and Utilization by Plankton (Redfield et al.,1963)

- 7 TAvailability in Utilization Ratio

“average" sea by of
water Plankton availability
pg-at/1 - ratio ratio ;zi lization

Phosphorus 2.3 1 1 1

Nitrogen 34,5 5 16 0.94

Carbon 2 340 1017, 106 9.6

Oxygen saturation 735 320 276 ' 1.16

value - :

3.2 Other constituemts ' :

In nature, there are often several factors which may influence growth rate. In sea water
we have for example, trace metals such as iron, manganese, copper, zinc, molybdenum and cobalt
present in such small amounts that they may limit production. Menzel and Ryther (1961) have
shown that addition of iron to water where the natural plankton growth has come to an end
due to lack of nutrienmts can stimulate growth. They used surface water from the Sargasso Sea,
They did not get the same effect with other trace metals, Barvey (1947) showed that manganese
hed the same effect for Chlamydomonas in water from the English Chammel. Hormones, vitamins
and other organic compounds may have similar effects. The main limiting factors for phyto-
plankton production in the sea seem, however, to be nitrogen and phosphorus. Other factors
may locally be limiting, especially in coastal areas, but are not of general importance.

4. POTENTIAL FERTILITY OF SEA KATER

Harvey (1947) has proposed that the concentration of total phosphorus or total mitrogen
in the water may be used to determine its potential fertility. The potential fertility is
defined as the quantity of organic matter which can be prodused by photosynthesis in a wnit
volume of sea water if it is illuminated until the limiting nutrients are exhausted. Redfield
et al. (1963) applied this on the values in Table II. They assume that the oarbon of organic
matter is 50 percemt of the dry weight. When all nitrogen has been exhausted, organic matter
with a dry weight of 5.48 mg/l and containing 2.74 mg C/1 has been formed. If we assume the
dry weight/vet weight ratio is 0.2, the formed plankton would be 28 mg/l or 28 g/tom.

It should be stressed that this is the maximum amount that could be produced in the
photic zome if the conditions are ideal. In reality such amounis are never formed. Ryther
. (1966) estimated that the plankton concentration in ocean water is normally only 133 000 000
expressed as wet weight, He assumed that all plamk'tun.2 is formed in the upper 100 metres of
the water and that there are 3 g plankton carbon per m~ of sea surface. From these estimates
we can see how low the real fertility of ocean water is compared to the potential fertility,
There is only 0.3 g of living plankton matter in 1 ton of ocean water.
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5.  ANAEROBIC DECCGMPOSITION OF ORGANIC MATTER

From Table IT we can see that the oxygen reserve of the ocean water is not very large.

When there is considerable acoumulation of organic matter in an area the dissolved oxygen in
the water may be completely used up. This will lead to anoxic conditions in the water. The
oxidation of organic matter may however still continue through anaerobic bacterial processes.,
. These processes begin with denitrification where nitrate is transformed into nitrite and then .
into nitrogen gas or ammonia, When this process is completed, sulphate ions may serve as
"oxygen donors being transferred into hydrogen sulphide. " Finally carbon dioxide may be trans—
ferred into methane losing its oxygem to the oxidation process. The reduced products (nit-
rogen gas, ammonia, hydrogen sulphide and methane) accumulate in the water fogether with the
oxidation ‘products of the organic matter (phosphate, ammonia and carbon dioxide). This
-accunulation of ions and gases will change the normal proportions of the components in sea
water, giving it different characteristics.. : '

Redfield et al. (1963) suggest the following reactions, for oxidation of organic matter
in the presence and absence of dissolved oxygen with CH20 representing organic matter.

Oxidation by oxygen (dissolveci)" _
CH20 + 02 — (:02 "+ }120
NH3 + 202‘—-)» HNQ3 + H20
Denitrification
50H20 + 4HN03 — 5002 + 2112 + fméo
SHH, + 3HNO, —> 4N, + 98,0
Sulj:hate reduction | ‘
2CH20 + H23047 — 2('1_02 + HZ-S + 2320
NH3 is not oxidized '
‘It is also possible to assume that phosphate may be reduced to phosphine.
Phospﬁaté reduction
?GHZO + H3P04 — 2(102 +‘ 2H2'0 + lfH3 - '
" According to Soviet scientiats phosphine is found in the bottom water of the Sea of Azov.

. Finally we have the possibility of carbon d.ioxide‘reduction in which methane may be
formed. : ‘ ' o '

Carbon dioxide reducticn .
2CH,0 + H,C0, —> 200, + Hy0 + CH,

Methane has been found in the deep water of the Black Sea and in some anoxic fjords in
‘Canada. 'This formation seems to begin before all sulphate is used up. Methane is generally
formed in the sediments of stagnant oxygen—free lakes. It is also formed in the bottom mud
of shallow salt water lakes or lagoons if the water has a heavy organic load.

The free energy determining the different oxidation éteps‘ de‘cfeasés in the order: oxygen,
(dissolved) nitrate, sulphate, carbonate, when these are the hydrogen acceptors. Therefore
the free oxygen is utilized first when it is available in the water. Then the nitrate is



utilized. When the nitrate has been exhausted, the oxidation conmtinues with reduction of
sulphate. Apparently there is not sufficient free energy left to oxidize the ammonia to nit-
rogen gas in this step. Therefore ammonia is accumulated during the sulphate reduction. As
an intermediate step in the nitrate reduction, nitrite is formed and it is also formed in the
oxidation of ammonia to nitrate,

According to Codispoti (1973) denitrification begins when the oxygen concemtration is
below 0.1 ml/l. -This has also been shown for lake water, Nitrite is found in relatively
high concentrations in the oxygen minimm layer off the Mexican coast in the Pacific and also
in anoxic basins in the border layer between oxygen and hydrogen sulphide. The end product
of the denitrification process is, according to Codispoti (1973) most probably free nitrogen
gas, The deep water of the Black Sea is supersaturated with free gaseous nitrogen. Richards
and Benson (1961) have examined the acoumulation of free nitrogen in the anoxic waters of ihe
Dramsf jord and the Cariaco Trench. They compared the observed nitrogen/a.rgon ratios with the
ratio in sea water equilibrated with air., The excess quantities of nitrogen found in the
anoxic waters corresponded approximately with the amounts estimated to have been produced by
the oxidation of organic matter. The changes in the oxygen, sulphide and phosphorus comtent
of the water also supported these results., They.found that nitrate and nitrite were present
only in ‘race amounts or were absent from the anoxic water. Ammonia, on the other hand, was
present and varied in proportion to the accumulation of sulphide. This shows that sulphate
probably does not act as the hydrogen acceptor in oxidizing the ammonia which is liberated
from organic matter during the reduction of sulphate.

The most siriking change in the ionic composition of anaoxic sea water is the occurrence
of sulphide ions. Hydrogen sulphide is a poisonous gas which kills all higher life, and only
cerfain bacteria can live in such an envirogment. Ii has been established (Skopintsev et al.,
1958) that the principal source of the sulphide sulphur in sea water is the reduction of f sul-
phate and not the sulphur from decomposed organic matter.
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1.  REDOX POTERTIAL - THEORY

A chemical process in which electrons are lost is called an oxidation. The opposite, a
process in which electrons are taken up, is called a reduction. In a chemical reaction an
oxidation process is always coupled to a process in the opposite direction, a reduction, and
vice versa. ¢

P2t s ROt 4+ o (1)

The reaction above is called a redox reaction. Fe(3) is the oxidized form and Pe(2) is the
reduced form. When aaFe(3) ion is reduced for every Pe(2) ion that is oxidized, the reaction
is at equilibrium. - The redox couple then t_ievelops & very characteristic redox potential (E).

The voltage scale is relative and the reaction

H 28" + 267 (0,000 V) (2)

2

has been chosen as the zero point in this scale. The redox potential is therefore referred

to as E. . The reaction (1) has acocording to this scale a potential of 40.771 V. The potential

is given according to the international oconvemtion. It should be noted that in American books,

- especially old omes, the potentials are given with the sams mumeriocal values, but opposite
signs. . :

The redox potential is measured by using an inert metal electrode {Pt or Au) ir combina-
tion with = reference electrode (ocalomel or silver/silver ohloride). Wnen immersed in a solu=
" tion and Joined %o & circuit they form an electrochemical cell. fThe EMF or cell potential can
then be measured. Each of the electrodes is a half-cell for which the potemtiel is given by
the Nornst equations '

E = E°

RT ox
+ g, (3)
= constant for the half=~cell
= gas constamt (8.3143 joules/deg. and mole)
= Faraday's constant (96.487 coulombs/equivalents)
= number of electrons imvolved, according to the formula
= absolute temperature '
ox/red = activity ratio of the oxidizing and reducing species.



The potential of an electrochemical cell can be written:

Boe11 ™ Frignt ~ Flest (4)

In this ce.ee uhen using a platinmum electrode and a reference electrode we can write:

Be11 = B - E ef ) .
Hhat is really measured ie the d:.fferenoe in potentia.l between the twe eleotrodee.

The redox potential ie an intensity factor like pH and temperature and gives no informa- -
tion on either the oxidizlng or reducing na_ci X k

The potential at the inert platinum electrode is created by an excess or loss of electrons
at the electrode surface. A reducing solution has a tendency of giving a.way electrons and an
oxidizing solution has a tendency of ta.king up electrons.

The reference electrode is comstructed to give a constant potemtial. A calomel electrode
consists of mercury in contact with mercurous chloride (calomel) which, when immersed in a
solution (KC1) with a comstant chloride activity, mainteins a stable potential. A glass body
surrounds ihe electrode and contact with the outer solution is provided through a liguid
junction. . )

The electrode reaction may be written:

HECly() + 2e” € 2Hg(1) + 201 ' (6)

When changes occur at the electrode due to oxidation or reduction, the electrode po’centia.l is
kept constant by the dissolution or precipitat:lon of HgZCl

The silver/silver chloride slectrode works according to the same principles.

2, HEDOX MEASUREMENTS

In natnl'al waters and sediments the redox potential is creaied by a great number of
reactions, none of which are at equilibrium and they are seldom reversible in the stirict
chemical sensea. This is meinly due to biological activity.

'l‘hese ‘mixed. po‘ten‘tia.le are of limited value for quantitative chemical calculations, !
(Stumn, 1967) However, the redox potential gives a lot of information on the kind of reac-
tions that take place, both from the chemical and biological point of view. Redox measure-
ments are therefore of great value, being indications useful for ecology and pollution research.
" Determination of the level of the redoxcline (gradient in the redox state) in a water body or
pediment is of'ten more important than measurement of the absolute value of the redox potential,

Fig. 1 shows Eh profilee from 'two sediment cores. In core RR1 a distinct redoxcline is
gituated at the }.5 cm level. In core R4 the redoxcline is situated m the water a.bove and -
the sediment ie reduced from the top layer. - . _

2.1 Equipment

A platimm electrode, calomel reference electrode and a potentiometric instrument, usually
a pH-meter with a nillivolt goale, are used for Eh nea.eurem‘ente.

Comnerecial platinmum electrodes are expensive compared to. eeeily constructed hone-made
eleotrodes. A platimm wire (e.g. 25 mm long and 0.5 mm in diameter) is fused into the end of
8 sodium glass tube or cemented into the end of a plastic tube. The electrode area is adjusted
to a suitable eize by cutting the wire or enlarging it with a platinum foil. It ie thus very
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-easy to design a platimm electrode for a special purpose, A4s a rule, for greatest acouracy
in measurements, the electrode area should be kept as large as posaible within the practical
limits for each type of measurement.

Commercial calomel reference electrodes are available with either saturated or 3.5 N KC1
solution as the inmer solution, Standard potentials for the calomel electrode are given in
Table I. The 3.5 M KCl solution is recommended for field work. The saturated KCl solution
may cause erratic potentials if KCl is precipitated on the calomel or at the liquid junction
due to low temperatures,

Table I

Standard potentials of calomel electrodes (Volt) .
relative to standard hydrogen electrode (Whitfield, 1971 a)

Temperature °C 3.5 M KC1  Saturated KCl o
0 0,2556 0.2543
15 0.2538+ - 0.2511
20 0.2520 0.2479
25 0.2501  0.2444

* Calculated by the author

2,2 Calibration ,

The ZoBell solution (0,003 M potassium ferrocyanide, 0,003 l potassium ferricyanide in
0.1 M KCl1) is most frequently used for calibrations when measuring E . The potential of this
solution 18 4430 mV at 25 % (ZoBell 1946). Unfortwnately this solution with a single well
poised redox couple camnot detect if the working area of the redox electrode is reduced dus
to adherent contaminamts, The calibration procedure is therefore more concermed with’' the
function of the reference electrode and the instrument. .

2.3 Neasurements

The platinum electrode surﬁoe must be kept as cléa.n as possible. Mechanical cleaning
using a mild sbrasive or a tissue followed by rinsing with distilled water is a method whioh
is practicable in field work. Chemiocal cleaning must be used with care because the electrode

surface may be damaged., -

The liquid junction of the reference electrode may be affected by suapended particles or
precipitates, which may change the liquid junction potenmtial, The reference electrode should
"therefore not be imserted into solutions with suspended particles or in a sediment. The use
of a salt bridge between the sample and the. reference electrode prevents such errors.

Sample8 of natural waters and sediments are often poorly buffered with respect to redox
potential. It therefore often takes some time to get a stable reading. Eleotrode drift in
four sediment samples at differemt redoxstates are showm in Fig., 2. Intermediate redox values:
around the redoxcline (BO 3) are stabilized more slowly due to the unstable redox situation.
Fig. 3 showe electrode drift of seven in situ measurements made in a Dutch tidal flat sediment,
After 30 minutes the electrode was withdrawn 5~10 mm, Stabilization will thereafter be attained
at lower values. Stabilization usually takes place within five to ten minutes and an electrode
drift of less than 2 mV/min can be accepted as a good reading.

when introduced into a sample the redox electrode always causes some degrse of disturbance.
Sediment samples are most sensitive because part of the sediment structure is broken and the
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interstitial water is pressed away. The shape and size of the electrode must be designed
to minimize these effects.

Electrode drift due to introduction of air or gas loss when the electrode penetrates
the sediment must also be considered. Absolute stabilization never occurs bacause of the
continuous biological activitys :

In situ Ey measurements are most accurate because the natural environment is more or
less changed by any sampling technique. In situ probes for Ej and pH measurements have

been constructed and used by Mortimer (19471), Manheim (1961) and whitfield (1971).

In situ probes.are used for profiling in the water colum and the few uppermost centi-

metres of the sediment. If Ep is measured in samples, the measurements should be performed
as soon as possible because long storage of the sample may change the redox potential due

te oxidation processes Or biological activity to values not representative for the respective
‘natural environment.

The redox potential is dependent on pH, which controls ionic equilibria, solubilities
and the formation of complex ions, etc.

The Eh/pH relationship is usually very complicated and a factor to correct Ep readings
of the natural samples for a certain pH cannot be given. An average change of about ~0.061V
for each unit increase in pH, in the pH range of 3 te¢ 10, has been reported by ZoBell
(1946). However, redox measurements are not usually corrected for pH but reported together

.with the pH value. :

Theoretically, the effect of temperature is expressed by equation (3). But in the
complex natural systems this effect is as complicated to calculate as that of pH.
Temperature affects solubilities, reaction rates, pH, etc. It has been shown in four
di fferent marine mud samples that a change in temperature from 0° to 20°C caused a change
~in Ep by between 0.01 to 0.02 Volts (ZoBell, 1946)

The redox capacity of a system is responsible for the reproducibility of the Ep
measurements. Natural systems often have a low redox capacity. Therefore Ey measurements
can seldom be reproduced to an accuracy greater than *0.01 Volts.

A sediment, though appearing homogeneous, contains microenvironments where the redox

potential is affected+by microbiological activity. Therefore, parallel readings may
differ by as much as -0.05 Volts or even more.
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1.  INTRODUCTIOR

In accordance with the Enviromment Protection Act of 1969 stamdardization of analytical
methods and analytical quality control have become subjects of prime importance in Sweden,
The central supervising authority for water pollution conirol is the Enviromment Protection
Board, .

A Nordic standardization programme started in 1970, and the aim is to reach the same
national standard methods in all the Nordi¢ countries (Punder—Schmidt et al., 1972).

Intercalibration trials or interlaboratory studies have been performed by the Nordforsk
{Scardinavian Council for Applied Research) Worki Group on Water Analysis and alsoc in the
IHD (International Hydrological Decade) programme (Karlgren and Exedahl, 1971; Henrikeen,
1971; 4hl, 1970), But these intercalibrations have been restricted to relatively few
laboratories. In 1971 a national Swedish intercalibration programme started with about 60
participating laboratories. This programme has two major goals, the evaluation of analytical
methods and the control of work quality in water laboratories, This involves the checking
of newly proposed methods, and comparing the results of already existing methods in different
laboratories in order to ascertain their levels of accuracy,

In the firet intercalibration, June 1971, analyses for specific ocomductance, calcium,
magnesium, sodium, potassium, alkalinity, chloride, sulphate and hardness were requested,
The same intercalibration was repeated during November-December 1971, This report summarizes
and evaluates the results obiained by the participating laboratories in these two inter~
calibrations, A more complete Swedish version of the report is available from the Research
Laboratory, National Swedish Enviromment Protection Board, The interoalibration programme
hes continued during 1972 with intercalibrations of methods for nutrient amalyses and methods
for determination of metals (Fe, Mn, A1, Cu and Zn),

Experiences from the Nordforsk programme, for example, have shown that duplicate
analyses of a single sample in one laboratory give essentially idemtical results. Other
experiences show that the between~laboratory error is the determining factor in evaluating
a method (Youden, 1969), For these reasons the intercalibrations were planned according to
nthe two-sample technique" of Youden (Youden, 1959, Greemberg et al., 1969)., Two different
but similar samples are prepared and analysed once only. The technique of Youden makes
poseible a more effective and even more understandable statistical evaluation, This tech-
nique concentrates on increasing the number of participating laboratories and reducing the
nunber of determinations per laboratory.

_1_/ Reprinted from Vatten 4/73 with kind permission from Féreningen fBr Vattenhygien
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2. PREPARATION OF SAMPLES AND REPORTING OF RESULTS
Homogenegus and stable water samplen are indispensable in intercalibration trials, The

samples were taken from natural sources., In the first intercalibration the two samples were ..
waters from Lake Milaren, In the second intercalibration, sample 4 was & natural water and

sample B the same water with known additions of the constituents to be analysed, The sample .
waters were left to equilibrate in plastic containers for about a week, then transferred to
one-litre plastic bottles and distributed to the participating laboratories as soon as
poseible, Ko preservative reagents were added. Laboratories were requested to carry out
analyses for calcium, megnesium, hardness, sodium, potassium, alkalinity, chloride and
sulphate, and to report ghe results in meq/l w:l'th two decimal places,, Specific conductance
was to be measured at.20 C and reported as uS cm~ (equal 1o wmho. cm 1) with three figures.
Analytical methods were neither suggested nor specified, K The laboratories were asked to
- treat the intercalibration samples as ordinary routine samplea. A report form accompanied
the samples and details of methods used were requested.

In the first interoa.hbrat:l.on, June 1971, 48 laboratories reported results and 22 made .
all eight requested determinatioms, In the second intercalibration, December 1971, the
corresponding numbers were 55 and 24. MNost participating laboratories were selected from
water laboratories approved by the National Swedish Board of Health and Welfare,

'3, TREATMENT OF DATA AND INTERPRETATION OF RESULTS
BEach parameter. is reported in a two-sadple chart, The procedure of Youden was used to
evaluate the resulte statistiocally, with some medification. - For each- constituent the concen-
tration reported for sample ‘A is the abscissa and that reported for sample B is the ordinats,
The pair of resulis reported for one parameter from one laboratory are used to plot a point,

indicated by the coded identifying number of ithat laboratory. This method can be used to
interpret the results with the. identity of the laboratories rema.ming anonymous,

The mean value (X) and gtandard ¢ deviation (s) were calculated for each sample and con-
stituent, Then, all values outside X X4s were rejected (outliers) and the final mean value
and standard deviation were re-calculated, .The two mean-lines are drawn perpendicular to the
corresponding axisy dividing the two=sample ohart into four quadrants. . The intersection
point of the two mean-lines is considered to be the "true value?, A line is drawn at an angle
of 45 through this point, giving the mean d:.fference between the two samples. The same scale
has to be used for both axis, - ' _ ,

Results lying close to the intersection point represent a high degree of acouracy, The
figures clearly show that the points tend to concenirate. in the + + or upper right quadrant
or in the = ~ or lower left quadrant, This tells us that the laboratories tend to get high
resulis for both samples or low resulis for both samples. The points often fall on & line
running from the lower left to upper right (the 45° 1i.ne) and if there are many points the
-pattern is that of an ellipse along this line, These patterns demonstrate the dominant role
played by the systematic srrors, The systematio errors often indicate poor instrument cali-
bration, inaccurate standard solutions or improper working technique, . The magnitude of the
. systematic error can be estimated from the ochart, Results in the upper left or lower right
- quadrants often indiocate random errora, Such errors are often due to miscalculations, errors
in recording, typing, diluting the samples or some other simple blunder,

- The overall precision of the resulis can alao be determined, For each pair of resultis
the difference (Di) between the two results (sample ‘A and sample B) is caloulated, The
ostimte of the precision can be given 'br )

.v ._Sr_/:mi ‘(_wi) 2
L
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For each laboratory and constituent analysed the systematic error ig the same in analy-
s8ing semple A as sample B, When the difference is taken the systematic error is eliminated,
The Dy= quantities are free from systematio errors and contain only random errors,

4.  CRITERIA FOR ACCEPTABILITY OF RESULTS

* The estimate, S5, of the overall precision can be used to judge the acceptability of
any laboratory's results, The following statistical criteria have been arbitrarily estab-—
lished by Greenberg et al, (1969) and Youden (1952). Points falling between the mean .
value and X 1,552 Sp are acoeptable, those between X 1,552 Sp and X 2,448 S, are questionabl
and results falling outeide these boundaries are umacceptable. These limits can be visua-
lized in the figures by the construction of concentric circles, centred in the intersection
point of the mean-lines, the "accepted true value", The two circles are expected to include
70 percent and 95 percent of the results respectively, if systematic errors could be elimi-
rated, It must be siressed that these relative acceptability criteria are arbitrarily chosen
ard founded on pure statistical basis, These criteria can be highly deviating for very
similar constituents, compare, for example, values for chloride and sulphate in Figs, 7 and8,

A determination with high preocision results in narrow circles. If there are normal
systematic errors, & rather large number of results will be classified es unacceptable (see
Fig. T)s On the other hand, determination with bad precision leads to a greater spread of
results and to wider circles, Strangely enough, this means a greater number of acceptable
‘results (see PFig, 8)., PFor this reason, the limits of acceptability in many cases must be
more specifically defined, e.g., in prescribed values given in meq/l or mg/l,

A summary of the results obtained in the two intercalibrations is shown in the Tables

I and II, Figs. 1=9 show the two-sample charis, ons for each constituent, obtained in the-
second intercalibration.

5«  DISCUSSION

Data on analytical methods used by the laboratories are swmmarigzed in Tables I and 11,
These data can be used to compare different methods for the same constituent. For almost
all constituents one method was the prredoéminant choice among the partioipating leboratories,
This fact makes a true comparison rather difficult, sinoce many of the resulis are not rep—
resented by a sufficient number of determinations, :

For calcium and magnesium (and total hardness) the most common choice was EDTA-
titration or determination by atomic absorption, These two methods were equally precise
and acourate, Determination by flame photometry yielded more variable results, For sodium
and potassium, flame photometry dominated the picture, obviously being as. good as atomic
absorption, Alkalinity was determined by titration with a mixed indicator. This titration
Yielded very good results. An acceptability limit of about * 0.05 meq/l and 68,5 percent
acceptable results indioate both high precision and acovracy in this determination, Omnly
practical reasons can explain the use of the potentiometric titration technique.

Chloride was predominantly determined by Mokr titration,

The narrow circles in Fig, 7 demonstrate the high precision in this titration, On the
other hand, only 21.1 percent acceptable results indicale frequent systematic errors. 1In
Fige 7 the results are mainly divided -into two clusters of points, one in the + + quadrant
ard one in the ~ = quadrant, In this titration of chloride with silver nitrate, potassium
chromate is used as an indicator, At the end point the slightly soluble red silver chromate
is formed and a certain amount must be formed before it is visible, In the titration of
dilute solutions the indicator blank should be determined separately and subiracted from
the amount of standard solution used. Presumably, some laboratories in the + + quadrant
have not done this blank correction and have obtained results that are a little too high,
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Table I

Summary of methods used in analysing the samples
by the laboratories (intercalibration 1)

. Laboratories Mean * Stand. Coeff. of
Constituent and method using method deviation {meq/l) variation
Number] Per cent 1 [ 2 1 | 2

Calcium -

Titr. EDTA .. .ovvvnennnnn 17 51.0 1.16£0.06 1.39%0.04 5.5 3.1

Atomic absorption ........ 9 27.3 1.18£0.04 1.44+0.04 37 341

Flame ......:.c.civunnn.. . 4 121 ° 1.19%0.13 1.3010.62 112 478

Titr. KMnO4 ............ 2 6.1 — — — —

Unknown ........cc.cuve.. 1 3.0 — — — —
Magnesium

Titr. EDTA /2(Ca-+Mg) .

—Cal e 15 44.1 0.39+0.11 0.51+0.15 28.7 297
Atomic absorption ........ 10 29.4 0.3910.02 0.46+0.03 6.1 5.9
Tite. EDTA .............. 4 11.8 0.39£0.09 0.51£0.07 231 144
Flame ................ R 88 . — — -— —_

» Colorimetric (titan or v
~ brilliant yellow) ........ .2 5.9 — — — —
Total Hardness/Z(Ca+Mg)/
Tite, EDTA .......civives 25 64.1 1.5410.13 1.84%0.16 8.7 85 .
Atomic absorption’ (Ca+Mg) 9 23.1 1.58+0.05 1.90+0.04 3¢ 23
Combination (Ca+Mg) .... 5 12.8 — — — —
Sodium : ‘
Flame ............ e o2 815 0431005 073£006 112 7.8
Atomic absorption ........ 5 18.5 0.45+0.05 0.71+0.06. 104 8.1
Potassium , ‘ ' ‘ < .
Flame ...ooovvvenneennnn. 23 821  0.08+004 0111004 417 369 °
Atomic absorption ........ 5 ©17.9  0.08%0.01 0.11+0.01 ~ 130 109
Alkalinity (HCO3) o
Titr, Mixed indicator ...... 44 93.6 0.89+0.04 - 1.06+0.06 4.6 5.6
Potentiometric ............ 2 4.3 — — — —
Unknown ................ 1 2.1 — — — —
Chloride : ‘
Tiee. Mohr .............. . 41 89.1 0.38 £0.06 0.69 +0.06 15.2 8.0
Potentiometric ............ 2 43 — — — —
Gravimetric  .............. 1 22 —_ — — —
Colorimetric  /Hg(SCN)gFe/ 1 2.2 —_ — — —
Eel -Chloridemeter ........ 1 2.2 —_ — — —
Sulphate .
Gravimetric .............. 20 476  074%0.11 0.83+0.16 152 192
Titrimetric EDTA ........ 7 16.7 0.71£0.14  0.81£0.09 19.6 11.2
Turbidimetric ............ . 4 9.5 0.6310.08 0.76£0.05 13.2 6.7
Titrimetric (Thorin) ....... 4 9.5 0.76£0.04 0.87 £0.10 56 111
Ion-Exchange /Z(SO3+Cl)/ 3 7.1 - — — -
Colorimetric (BaCrQg) ...... 2 4.8 — —_ — —
- Titrimetric /Pb(NOg)a/ 1 2.4 — — — —
Conductometric ..... Ceees . 1 2.4 — — -~ —
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Table I1
Summary of methods used in analysing the samples by the laboratories (Intercalibration 2)
Laboratories Mean % Stand. Coeff of )
Constituent and method using method " deviation (meq/l) variation
NumberlPer cent, A | B A B
Calcium
Titr. EDTA, .............. 23 52.3 1.14+0.05 1.30£0.07 4.4 5.4
Atomic absorption ........ 15 34,1 1.18+0.08 1.33t0.11 6.8 83
Flame .....covvviininnnnn. 5 11.4 1.18£0.12 1.35+0.14 10.2 104
Titr. KMnOy ............ 1 2.3 — R — —
Magnesium
Titr. EDTA /Z(Ca+Mg)

—Cal . 22 57.9 0.44£0.09 0.54%0.10 205 185
Atomic absorption ........ 14 36.8 0.40+£0.03 0.49£0.03 7.5 6.1
Flame ................... 1 2.6 — — —_ —
Colorimetric .............. 1 26 — — — —_

Total Hardncss /Z(Ca+Mg)/
Titr. EDTA .............. 36 69.2 1.58 +0.05 1.83£0.05 3.2 2.7
Atomic absorptlon (Ca+Mg) 14 269 1.55+0.07 1.78+0.10 4.5 5.6
Combination ............. 2 3.9 - — — —
Sodium ) .
Flame .................... 25 83.3 0.4310.07 0.7410.09 163 122
Atomic absorption ,....... 5 16.7 0422007  0.69%0.11 167 159
Potassium
Flame .............oveel 25 83.3 0.08+0.01 0.18+0.01 12.5 56
Atomic absorption 5 16.7 0.08 0,01 0.18+0.02 125 111
Alkalinity (HCO-3)
Titr, Mixed indicator ...... 50 96.1 0.88 £0.04 1.07 £ 0.04 6 37
Potentiometric ............ 2 39 0.88 1.07° — —
Chloride
Tite. Mohr .............. .43 843 0.39+0.05 0.58 £0.05 12.8 8.6
Potentiometric -3 59 0.34 0.53 — —
Colorimetric  /Hg(SCN)zFe/ 2 39 035 0.54 - —_
Titr. Hg(NOs)e .......... 2 39 0.34 0.55 — —
Coulometric .............. 1 20 — — — -
Sulphate ) .
Gravimetric .............. 24 48.0 0.77 £0.053 1.0240.07 6.5 6.9
Titrimetric EDTA ........ 11 22.0 0.74%0.06 0.96 £0.09 8.1 9.4
Titrimetric  {Thorin) ...... 6 . 120 0.78%0.05 1.01 £0.07 6.4 6.9
Turbidimetric ............ 4 8.0 06110.20 0.81+0.20 328 247
Ion-Exchange /E(SOchl)/ 2 40 087 1.12 - -
Colorimetric (BaCrQOg) ... 2 40 075 1.03 - —
Conductometric  .......... 1 20 — — — —
Table III

Laboratory identification numbers listed by number of constituents analysed and number of
unacceptable results reported?  (Intercalibration 2)

Numbers of Number of Unacceptable Results Reported
Constituents
Analyzed o | 1 ] 2 [ 3 o4+ ] s |
RV - 60, - - — L= -
2 e — —_ _ —_ — - -
3, —_ —_ 14, - — — -
4 . 6, 53, — — — -
5 — 2,37, 41, 8, - 52, 54, —_
’ 42,
6 i 44, 10, 13, 33, — — — —
7 i 23, 25, 39, — 11, 12, 21, 9, 30, 15, 50, 63, 27, —
62, 28,57, .
8 e, - — 22, - - — -
I 18, 1,5, 20, 4,31, 45, 17,24,35, 55, 322, 40, 19, 34,
29, 51, 49, 56, N 164,
64, gy - 43

1 SCa+Mg are in some cases calculated

N 2 11 results reported.
3 14 results reported.
4 12 results reported.
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Some manuals in current use do not stress this blank correction., Finally, this leads to the
- conclusion that the considered true value, the intersection of the mean-lines, is a little
too high,

For sulphate the gravimetric procedure was the most common method, but a rather high
number of principally very different methods alsc have been uwsed, In both intercalibrations
the turbidimetric procedure gave lower results than other methods used. For specific
conductance there is a general improvement in the results between the two intercalibrations,
Presumably, this improvement was due to a better calibration of the instruments,

In all cases there is a good agreement between the found '"mean difference" and the
“"calculated difference', There also appears to have been a general improvement in the
analytiocal work beiween these two intercalibrations, For calcium, potassium, chlorife
. and sulphate the results indicate an improved overall precision, caloculated on differences
as described above, This leads to narrower limits of acceptability but to a decreased
percentage of acceptable results, For magnesium, hardness, sodium, alkalinity and sulphate
there is an increased percentage of acceptable resulis, the limits of acceptability being
the same, This type of improvement points to a correction of systematic errors,

Laboratories making complete mineral analysis of natural waters can profitably control
the analytical results by caloulating the anion-cation balance (Greenberg and Navons, 1958).
This result can also be compared with the specific conductance value, The sum of the anions
must theoretically be equal to the sum of the catioms, This caloulation is the main reason
vhy meq/1 is used instead of the more common unit mg/l, The difference between the sums of
the anions and cations may not exceed a given percentage = at lower levels five percent of
the sum of the anions is frequently used, In the second intercalibration the average sum
of the cations (4 2.08 meq/l B 2.75 meq/1) oompa.res fairly well with the anion swm (4 2,00
meq/1l and B 2,63 meq/1),

This possibility for controlling the overall acceptability of the results was obviously
neglected in many laboratories. In the first intercalibration 22 results, from a total of
289 (i.e., eight percent), deviated considerably, Table III shows the number of unacceptable
results reported by each laboratory as a function of the number of constituents analysed
(Greenberg et al,, 1969; Greenberg, 1961).
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s  INTRODUCTION

During recent decades, and especially the last few years, more and more attention has
been paid by the authorities and the public in many countries to the increasing problem of
pollution by oil. It is evident that the areas of great oil consumption are not always the
areas of high oil production (Fig. 1). While U,S,A, and U,S.S.R. are dependent to a minor
degree on imporis, Europe and Japan have to rely on imporits for about 80 percent of their
consumption, The main oil transport by sea thus takes place from the Middle East along two
routes to Europe and Japan, In 1971, 1 355 million tons of crude oil were transported by
gsea, This means that 60 percent of all sailed distances were oil transporis.

2, OIL POLIUTION FROM SHIPS

Together with the total increase, the character of the transports has changed during
racent years, The crude oil used to be refined in the production area and the different
products were transported to the consumers in tankers, which nowadays are regarded as very
small units (e.g. 16 000 dwt), Today the crude oil is transported to the consumption area
for refining. The size of the ships has increased enormously; the VLCC (Very Large Crude
Carrier) varies from 100 000-200 000 dwt, or even larger.

The use of larger ships means that comparatively fewer ships have to undertake the
transportation. This leads, in one respect, to leas risk of collisions and accidents, but
on the other hand, these large ships are more difficult to manosuvre, requiring greater water
depths along the routes and in harbours. Especially in areas of intense marine traffic, this
increases the risk of collisions and creates a great demand for highly skilled merchant
officers and crews, as well as reliable technical equipment aboard the ships,

After a tanker has unloaded its oargo to a ref:mery, certain amounts of oil remain in
the cargo espaces, On her voyage back to the orude oil production area, the ship must take
in large quantities of water in the cargo spaces in order to acquire sufficient stability.
When discharging this water the oil residues will be discharged too.
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The first major step toward preventing deliberate oil pollution was taken in 1954 when
42 countries, including all the maritime powers, drew up the Intermational Convention for
the Prevention of Pollution of the Sea by 0il, which came into force in July 1958, This
Convention was deposited with the Government of the United Kingdom and was later transferred
to the Inter-Governmental Maritime Consultative Orgenization (IMCO) when it was established
in 1959, This Convention (and its amendments of 1962) allows ships to release water con—
taining up to 100 ppm oil in internmational water within 100 nautical miles off lapd, Outside
this zone the 0il content in the water is not resatricted,

In 1969 more amendments were proposed, but so far only a few countries have ratified
them, Aocording to the proposals the following rules were to be enforced,

(2) Limitation of the total quantity of 0il which a tanker may discharge in any ballast
‘voyage to 1/15 000 of the total cargo carrying capacity of the vessel,

(b) Limitation of the rate at which oil may be discharged to & maximum of 60 litres per
nautical mile travelled by the ship,

(c) Prohibition of discharge of any oil whatsosver from the cargo spaces of a tanker within
50 nautical miles of the nearest land,

Here it may be appropriate to point out that so far no international legislation or
agreements exist concerning the economic responsibility for the consequences of an oil
catastrophe, While waiting for this problem to be solwved, the companies dealing with oil
and oil transportation, as well as the oil owners, have themselves reached two agreements and
regulations; TOVALOP (Tank Owners' Voluntary Agreement Concerning Liability for 0il Pollution)
and CRISTAL (Contract Regarding an Imterim Supplement to Tanker Liability for 0il Pollution).
Via these two agreements govermmental organizations in countries suffering from oil catas—
trophies can receive payment for damages and cleaning=up operations,

On the technical side of oil spill prevention, the som~called load—on=top system (LoT)
'is widely in operation, About 95 percent of the crude oil tomnage is now equipped with LoT,

According to the LoT syetem one or two cargo tanks are cleaned and filled with ballast
water, The oily water resulting from the cleaning is not discharged but led to a slop tank,
Then the other tanks are oleaned and may also be filled with ballast water if required, 4ll
the cleaning water is collected in the slop tank, whers the oil separates from the water
during the ballast voyage., When the ballast water ie discharged it is virtually free from
0il, The water in the slop tank is carefully discharged. When a minor part of the water
remains in the tank the amount of out-coming oil increases, The discharge is stopped and the
new oil is loaded on top of the o0il and oily water in the slop tank.

However, even if the LoT system is a useful tool, other methods must also be used in
order to minimize oil spillages, Some harbours are equipped with facilities to reoceive and
treat residues of uged and unused oil as well as oily ballast water, The oll can be separated
from this water and all the oil residues can be refined and used again, but separation and
other treatments are expensive, and thus many harbours are reluctant to offer these facilities,

Acoording to caloulations by Kluss (1968), the LoT system every year prevents 1,6 million
ions of oil from reaching the sea. It is of course very difficult to estimate how much o0il
. ie actually released into the marine enviromment, Scme caloulations suggest an amount of
0.7 million tons from the crude oil carriers, However, the product carriers are not always
equipped with LoT, and all ships, whether oil tankers or not, release oil to the marine
enviromment in the form of contaminated engine cooling water, leakages at the propeller shafis,
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etcs In addition to thisy oil drilling at sea and na.tural seepages from oil wells make their
contributions,

It ie very difficult to estimate how much oil annually reaches the marine envirorment.
Figures published range from 2,1 million tons (SCEP,1970) to 5 or 10 million tons (Blumer
ot aley 1971); with goveral estimates in between,

3, EFFECTS AND FATE OF OIL POLLUTION AT SEA

Once oil is released into the sea, certain damage takes place regardless of which
counter-measures (if any) are applied, Before disoussing different methods for oil
combatment at sea it is of interest to get an idea of what will happen to the oil if it is
left undisturbed, A very useful review on this subject is published by Parker et al.,
(1971) from which the following is quoted:

3¢t M"The likely course of events!

"The possible changes that can occur when corude oil is deposited on the sea are sum—
marized in Fig, 2. At first, the oil will spread rapidly to form & thin, homogeneous slick,
At the same time, evaporation will take place (25-~30 percent in 2-3 days) so that the oil
" remaining becomes increasingly richer in the less volatile components and so more viscous.
The rates of spreading and evaporation therefore decrease. Depending upon the type of oil
and the roughness of the sea, some emulsification may take place dus to natural emulsifiers
present in the sea and in the oil, Initially, other effects such as dissolution and chemical
and biological actions are expected to be small but, as the slick spreads out these effects
will be correspordingly accelerated, although their absolute rates may still be #low.

Subsequent changes will depend on the proportions of oil converted {o water-in-oil and
oil=in-water emulsions, The former are produced when water becomes entrained with viscous
0il by wave action, The water content of such an emulsion may increasa to T0-80 percent,
giving a gel-like mass (the so—called "chocolate mousse?), With large spillages in which
thick layers of oil persist for some time, large aggregates of chocolate mousse can be
produced. Chemical and biological reactions in such material are likely to be slow because
the surface area open to attack is relatively small, although some degradation could take
place if suitable anaerobic bacteria were ocoluded, On reaching the shors, the "chocolate
mousse" will pick up sand and debris and the water will evaporate to leave compact tarry
lumps in which further degradation will be very slow indeed,

True oil=in=-water emulsions may be formed because of the presence of ratural emulsifiers
or by the application of detergents, In the absence of artificial treatment, it is likely
that the bulk of the oil (in a dispersed form) will exist as relatively large droplets formed
by the agitation of the waves, In still water these large droplets would coalesce to reform
a slicky but in disturbed waiter the dropleis will be dispersed through a large volume of
water, Separation will then be slow and the large em-face/volme ratio of the oil droplets
will permit other forms of attack, Suffiocient solar radiation may penetrate the upper layers
of the sea to make photochemical reactions possible, The oil may undergo ohemical degrada—
tion as a result of baoterial attack, it mey be ingested by filter-feeding orgenisms present
in plankton, or it% may simply stick to plankton, other marine life, or debris and become
distributed even more widely,"

3.2 Dispersion solution and microbial degada.tion

The lightest fraction of the n~paraffins in the oils has the greatest solubility.
These substances are also regarded as the most harmful together with the aromatic compounds,
Boylan and Tripp 51971) have shown that these substances may be dissolved in sea water to
a greater extent (about 1.5 md1) than the higher paraffins. Also the formation of fine
dispersions needs careful consideration as a dimpersion containing 1 ppm (1 mg/l) of oil
distributed over one km® %o a depth of one metre amounts to one ton of oil.
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The microbial degradation of o0il is frequently studied and reported in the literature,
Yet it is difficult to deduce from these investigations to what extent this degradation plays
an important role in the natural decontaminat:.on.

4e POSSIBLE WAYS OF DEALING HI‘I'H RELEASED OIL

In the open ooea.n, or where there is a considera.ble tidal movement, consideration should
be given to taking no aotion on the oil at all, If the number of diving sea birds is small
and if the oil is unlikely to be blown by the wind onto a recreation beach, there is little
_ point in wasting effort on mechanical or chemical treatment. The best way may be to let
nature solve the problem as none of the presently available counter-measures can completely
"eliminate the biologioal damage of oil spills. However, it should be remembered that it is'
the. coastal waters, the most productive areas of the ocean, that receive the heanest influx
of oil, .

Suction .and Skimmigg - A good way of dealing with an oil spill is of course to collect the
oil and remove it from the water., Obviously this method can only be applied when the amount
of oil is reasonable., ' In order to prevent the oil slick from spreading it must be confined
by floating barriers or booms, Once inside this conf:.nement, the oil can be sucked or pumped
up if the layer is thick enough, Another mechanical way ie to skim the oil off the water,
The skimmer consists of a belt forming a loop between two cylinders, The belt (and one
cylinder) extends below the 0il surface and the oil adheres to the belt. As it rotates, the
oil is carried away from.the water and at the upper cylinder is scraped off the belt. Con—
siderable amounts of oil (several cubic metres per hour) can be collected with this method.
However, at present no booms are capable of confining oil when the speed of the tidal move—
ment or other currents perpendicular to the boom exceed one knot (0.5 m/sec) or when the .
‘waves are higher than 0,51 m« Thus the method.is generally limited to ra‘bher sheltered
uaters or good weather conditions,

Absorbing and Gelling — Several absox_'bing materiale such as straw, sauduat, wood chippings,
etC.y have been used to absorb oil.  Gelling compounds are ceriain chemical formulations
which, after addition to the oil, transform it into a jelly. The disadvantage with all these
mechanical methods is that often great volumes of material have to be handled at sea during
the operation and ashore after the collection,

Burning - Several attempts have been made to burn the oil when it rides on.the water surface.
The problem is, however, that the released oil spreads out so quickly that the thickness of
the oil layer decreases sufficiently for the cooling effect of the water beneath to prevent
ignition, Attempis bave been made to overcome this by using different materials to absorb
{the 0il, that then act as wicks, but these triala have not been very suocesaful, »

' _()_:._]_._S_llk_mg - One of the methods sugges‘ted for remov:.ng 0il from the surface of the water is
to sink it to the bottom. . However, befare adopting this method,, cons;lderat:.on must be given
to3 ' S E : ‘

(8) the effect of the oil on the bottom flore and fauna,
(b) long~term effects caused by the bacterial deyaﬂation of the 611,
(c) movement of the almh_eri 0il on the bott‘om and thé effect of such oil on the marine life,

This immediately suggests that care should be taken not to sink oil down to the sea~bed
in areas which have biological or commercisl values, such as shellfish-beds or spawning
grounds for fishes, The repeated sinking of oil in any one area of the sea should also be
avoided, Sinking of oil is achieved by means of an agent.such as a sand slurry, siliconized
ash, chalk powder, sulphur, cement, calcium stearate, etc., that is aprayed over the oil
slick, Gravity forces the sprayed pa.rticl'els to sink down to the sea bottom,
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Dispersion - Dispersants are surface active agents just like ordinary soaps and washing
powders, By means of these agents the oil slick is split up into small droplets, The sur~
face active molecules are hydrophilic (water attracting) at one end and hydrophobic (water
repelling) at the other., This second end can also be called oleophilic (oil attracting).
Thus this part of the molecule is atiracted by the oils In this way the oil is divided into
droplets, sach one surrounded by the dispersant molecules with the hydrophobic part
"attached" to the droplets and the hydrophilic end oriented toward the water. This makes
it possible for the dispersant to carry large amounts of oil in the water, even if the oil

" is not diasolved in the water, :

The dispersion of o0il is effected by spraying the active substances, dissolved in a
suitable solvent, over the oil slick., After that, sufficient agitation of the sprayed area
must be apcertained. This is usually done by the propeller of the spraying ship or towing
bars or other equipment through the sprayed area. The dispersing and splitting-up of the oil
aliok implies that the size of the surface area increases enormously as the number of droplets
increases. This increase of surface area is a commonly cited motivation for the dispersion
of o0il, as ‘the microbial attack is expected to increase, thus accelerating the decomposition
of the oil; this, however, has not{ been sufficiently proved, The concentration of the dia-
persant in the product varies from a few percent to about 30 percent, In some cases the
golvent used is water, but the most effective substances are not water—soluble, and then a
petroleum fraction is used, This often contains aromatic compounde, How much of the dis-—
© persing agent is required to treat a certain amount of oil varies depending on the conditions,
However, it is not{ uncommon that one has to use half as much, or the same amount as the oil
to be treated. Thus, in many cases great amounts of petroleum fractions (with aromatic,

compourdls) are diacharged into the marine envirormment in order to "remove" a pollution caused -
by mineral oil,

The authorities in different countries have very different views regarding the appli=-
cation of the dispersing agents. For example, the Canadian authorities have banned their
‘uge and the U,S, Coast Guard restricts their application. They are not allowed to be used
in sheltered waters and in shallow areas in the U,S.,A. In the TORREY CANYON oatasirophe
(March 1967) off the south coast of England, 119 000 tons of crude oil were released, In
‘the cleaning-up operations of the water and coastal areas, some 2.5 million gallons (or
about 11 million 1itres) of formulations with dispersing agents were used,

5« BIOLOGICAL ASPECTS OF OIL POLLUTION

It has been shown by Blumer et al, (1971),Ehrhardt (1972) and others, that the sub=
stances in mineral oil are taken up by certain marine organiems, However, as the organisms
are not capable of metabolizing the components, they may be emriched to a certain degree
depending on the rate of excretion, For instance, shellfish polluted by fuel oil still ocon-
tained considerable amounts of oil six monthe-after they had been transferred to unpolluted
water. Thus, as these mubstances enter the food chain they may be regarded as risks for the
higher trophic levels,

Blumer (1969) has also suggested that the long-term effects of low concentrations of
0il may be even more dangerous and long-lasting than the more evident short-term consequenoces,
Many predatory fishes find their prey with the aid of their olfactory senses, while others
get away from their hunters using the same sense. Migrating fishes find their way home with
a very semsitive analysis of the smell of a certain area, With the olfactory sense,
extremely small amounts of different substances may be localized in water, oil and its aro—
matic compounds may completely hide the natural smell in the water., Furthermore there are
risks that fishes may be misled by erronscus olues, "This", Blumer says, “may have a detri-
mental effect on the survival ability of any species in the sea, thus concerning many other
species which, through the food=chain,are dependent on the damaged one".

It is often claimed that modern dispersing agents are almost non=toxic with Mgo values
as high as 3 000~4 000 mg/l. These values are generally the results from tests with adult
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‘fishes, However Klihnhold (1972) has shown that chemically dispersed oil at sub-lethal concen—
trations considerably prevented the hatching of herring larvae. The hatched larvae were to a
great part deformed and mostly died within one day, Furthermore, the chemoreceptors of the
larvee seemed to be blocked quickly, The larvae did not avoid the contaminated water when
thoy were given the opportunity to do so,

One other aspect of oil pollution is the ability of oil to concentrate IDT and other
non=polar hydrocarbons (whether they are chlorinated or not) which are insoluble or almost
insoluble in -water, ‘

In a laboratory study, Hartung and Klingler (1970) foupd that minerel oil in a sediment -
could concentrate pp!'-DDT from water by a factor of 1.08+10°, Analyses of sedimente from the
Coloredo River confirmed this, yielding a concemtration faotor of 1445+10°%, .
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1. INTRODUCTION

v In January 1973 s field of drifting, polluting oil was detected ocutside the town of
Varberg, on the west coast of Sweden. The Coast Guard Service informed the Fishery Board
about the situation and two staff members of the hydrographical department joined the coast
guards on a patrol eship in ordsr to make ohmervations and collect samples. The oil field
consisted of largs, as well as small luaps of thick oil, separated by clear water. Samples
. of water taken between the lumps and outside the field revealed that the concentrations of
non-polar hydrocarbons were below 0.05 mg/l. That only small amounts of hydrocarbons were
found even in the water samples within the field can be explained by the fact that the oil,
wag thick and viscous due to the low water temperature.

1

2¢  ANALISES

Pig. 1 shows an IR spectrum of the oil. In the first spectral region the sample was
run at two concentrations, thus giving two curves. The three peaks, which are marked with
crosses, are present in all IR spectre of minerel oils. The GIC analysis is presented in
Fige. 2o The 0il contained substances with a wide range of bolling points. This can be meen
from the elution temperatures, which range from 70=350°C, There are also two pronounced
maxima around 150°C and 300°C. To get an idea of how different oils look in these analyses,
a low boiling fuel oil (of the type fuel oil No. 1) is shown in Fige. 3 and 4. In the IR
spectrum the three characteristic peaks are found again. The GLC shows that the boiling
range of this oil 1s much narrower, with elution temperatures not exceeding 235°C and with
s maximum at 140°C. All peaks are om the same scale, It must be emphasized that this fuel
oil No. 1 was not present in the o0il spill; it is just showm here for comparison.

The oil was emulsified to mome extent, using a pe‘trolenn-baséd emulsifier, This opera~
tion was later interrupted however whea it was deoided that the oil was no longer a threat
{0 the coast,

The IR spectrum of the emulsifier run at two concentrations is shown in Fig. 5 where
it 1e olearly seen that the product is petroleum-based (the three peaks marked with crosses).
The upper curve reveals s mumber of smaller pesks (arrows, discussed below) which are seen
better in the lower curve, obtained by mmning the sample with a higher concentration. The
GIC curve in Mg, 6 tells us that the petroleum base is of a low boiling type (in fact it
lies in the Cqg~Cy4 renge). PFour peaks dominate the chromatogrem, which has no compoments
above an slution tempereture of 140°C. The emulsifying agent cannot be seen by GIC with the
column used in this case, : )
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After the emulsifying operation was carried out, some water samples were collected. .
The IR spectrum in Fig. 7 shows the extracted substances (this spectrum was run after evapora~—
tion of the extract to dryness on a disc of sodium chloride). In the quantitative analysis.
the extract had to be diluted 40 times in order to be readable in the photometer. The con=.
centration of non-polar hydrocarbons thus found was about 40 mg/l. The three oil peaks are
marked with crosses. In Figs. 5 and 7 we can compare the peaks marked with arrows, indicating
the emlsifier (surface active agent). At 1620~1640 ca~! a small band is seen which points
to the presence of alkyl phenols. At 1100=1120 on~1 a strong ether band is seen; this is
characteristic for surface active agents of the nonm~iomic type. PFinally, at 950 and 830-
850 cm~1 & peak and a band from the ethylenoxide chain in the emulmsifier are found. Thus
‘there is no doubt that the used emulsifier is present in the extrect from the water. From
the IR spectrum in Fig. 7 we cannot say if the oil bands are from the polluting oil or
from the solvent of the emulsifier. The GLC curve in Pig. 8, however, tells us that ithere
are no hydrocarbons toiling above 150°C. If this GLC is compared with that in Fig. 6, we
" can see that even if soms new peaks appear, ths positions of four peaks = and the size dis=
tribution of these are quite similar to that of the solvent for the emuleiffer. On the other
hand, no traces of peaks from the polluting oil can be sesn. This does not imply that the
emlsifier is unable to "dissolve" the oil into the water in the form of an oil-in-water
emlsion, In this case & very small amount of emilsifier was ussd and therefore thes effect
was weak, ' . o '

What has been said and shown above should of course be compared with the naturel com—
position of the organic compounds which can be extrected from sea water of the area. In
Fig. 9 a OLC analysis of such an extract is shown. This sample was obtained from outside
the drifting oil field. The total concentration ascording to the IR measurement was below
0.05 mg/l. Thus it was not possible to run a ocomplete IR-spectrum of ithe sample. When :
looking at the GILC is should be remembered that the sensitivity of the instrument -~ and con-
sequently the sizes of the peaks — are often changed during an analysis. If the peaks in
Fig. 9 were to be given on the same scale, say that of region B, the peaks in region A and
peak C.would be five times greater and peak D would be ten times greater tham in the figure.
Thus the GIC is dominated by three peaks: C, D and one in regiom A, The total appearance
of this chromatogram tells us that it represents products excreted by plankton, probably
phytoplankton.’ : o

All IR ctra were rwun in a precision grating instrument, either in solution (carbon -
tetraehlorid:geo'r evaporated to dryness on sodium chloride discs.

The GIC analyses were carried out in an analytical gas chromatograph with a flame
ionization detector. The colwm used was 2.1 m long (all glass) filled with three percent
of OV=1 (a silicone o0il) impregnated on Chromosorb W 60/80 mesh. The oven was programmed
at a temperature rate of 10°0 te from 50~70°C up to 350°C. The samples were injected
~ (1-10 1) as eolutioms in chloroform or carbon tetrachloride.
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ECOLOGICAL EFFECTS OF HMARINE POLLUTANTS

vy

AvDs MCIRTYIRE
Depu-hnent of Agriculture and Fisheries for Scotland
Marine Laboratory
Aberdeen, U.K.

Contents Page

1s»  Introduction 47
2. Entry of pollutants into biott . 48
-3¢ Effects of pollutants . 49
3.1 Feld studies ' 49

3.2 Experimental studies ' _ ‘ 53

4. References _ 55

1. INTRODUCTION

A pollutant may for our present purposes be defined as a substamoe present in the eco- :
system, a8 & result of man's activities, in quantities sufficient to produce undesirable ]
offects. As to effects, let us, in the present context; exclude the possible resulis in man’
of comswmption of contminated food, and comsider omly the changes otulod within an ooolyutcn
by the pollutaat in quntion.

Initially, it is necessary to detect the presemce of the pollutant and to measurse it
quantitatively, and the first problem is to deocide if any given level measured is in fact
®"pollution™ as defined above. Artificial substances such as some pestioides and PCBs are
made exclusively by man and their presemse in nature oan always be atitributed to human
aotivities. However, many other subsianced which oan be toxic if present in sufficient
quantity (nutrient salts, hydrocarbons, heavy metals) are always widespread, and it is
impertant. to distimguish between the matural levels on the one hand and any input by man
‘on the other, if a realistic appreach is to be made to the problems of pellution.

A good knowledge of "baseline® levels is therefore an easential requisite for recogmtiep
of conditions which might cause ooncerm. Table I(a) shows levels of maturally occurring
metals in sea water and organisas from open water situations and Table I(b) gives values from
epecifioc coastal areas whers industrial effluents are nmerous. Table II shows similar data
for smme artifieial organic substances indicating that levels of organochlorines are grea.ter
in an industrial estuary than in the open aea.

Iable I
(a) Concentrations of some metals in ppm
.. {Bowen, 1966)
: !’F LR —Cu R
Water . 0.0003 ' 0.0003 0.0001 0.003 0.01
Plants (dry weight) 0.03 8.4 | 0.4 10.0 150
Aniia.ls (dry weight) | 0.01-0.5 | 0.5-10 ~ 0.133.0 . 45 6=~1 500




(b) Concentrations of some metals in organisms from
' coastal waters in pm dry weight

Hg Pb cd Cu N
Beaweed Fuous: vesioulosus!/ - - 33.0 - -
Zooplankton Sagitia spe2/ - 4.5 1.1 5.0 126.0
1lusc Mytilus géllia}/ 2.1 - - - -
ish Sprettus sprattusd/ - T4 | 0.2 7.0 140.0

1/ Preston (1973) Severn Estuary, England .
2/ G. Topping (personal commmication) Clyde Estuary, Scotland
3/ Joves gt al. (1972) Tay Estuary, Scotland

4/ Andersen et al. (1973) Inner Oslo fjord

Table I )

. Organochlorines in ppm wet weight
(AsV. Holden, perscnal commumiocation)

Total POBs
DT :
. {Open-mea). 0.003 - 0.016 0.04 - 0.06
Plenkton — - S
(Oo1yde) 0.01 =0.07 - 005 ~ 1.1
(Open sea) 0.04 = 0.09 0.01
Herring
' (Clyae) ‘0e2 =045 0.8 =~ 1.5

Although we can deteot elevated levels of some chemical either in the water or in the
sediments, before we are justified in affirming that it is a pollutant with a biological
effect, we must show first that it can enter the organisms and second that its presence in
the organisma is in some way adverse.

. A

2. ENTRY OF FOLLUMETS INTO BIOTA

: Regarding entry to the biota, we oan consider three types of substances. First, those

which are normally present at low concentrations in the sea and may be takem up by marine
organisms at transfer rates proportional to the environmental concentrations, without any
threshold. Second, those substances such as nitrogen, phosphorous and silicon whose concen-
trations vary greatly from month to month in the sea so that a isophic level such as the .
primary producers will have evolved a range of species adapted to the range of concentratioms,
and a threshold response might be expected. MFinally, there are those artificially produoced
substanoes like IDT, not naturally present in the sea and for whioch only experimental tests
oan show what is ithe nature of the transfer’ from enviromment to organiem.
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While entry into the biosphere may take place at any trophic level, transfer from water

to organism is probably most efficient in the mioro-organiems (e.g., phytoplankton and bacteria)
because their surface area to biomass ratio is relatively large and transfers across membranes
and into cells are likely tc proceed at a more rapid rate or at lower sea water concentrations
than for large organisms. Having been incorporated into cells of, for. example, phytoplankton,

a pollutant may be transferred to the bodies of the animals grazing on phytoplankton and later
to those which prey on the grazers. The pollutant, sometimes in an altered form, may thus be
transferred up a food chain. *There is, therefore, a ‘tendency for persistmt aubatances to ]
‘acoumulate and be ooncentrated in the higher trophic levels. C y

| 3. EFFECTS OF POLLUMNTS |
: Having shown that the pollutant does in faot enter the organisems we must next £ind if it
has an adverse effect. There are two ways in which pollutant -effects can be demonstrated.
The first is by detailed field observations which must usually involve long time series of =
data, and if possible, comparisons of seversl similar areas, some of which are free of pollu-

tion, so that changes in the populations can be detected.  The second is by experimental
,atudies on s:.ngle species, or better. interaoting popnlations over long periods,

3.1 Pig;d M
R R 1 Gross effects

consz.dering ﬁrst the field aspect, 1n cages of gross pollution there is no problem of
_detection. A totally azoio zone or a zone of substantially reduced fauna in the vicinity of
an effluent pipe or other point of discharge is sufficient evidence. Surprisingly this seems
often to result not so much from highly toxio substances, as from situstions where there is a
large and rapid input to the bottom of material which, even if completely non-toxic, would
have a smothering effect and could destroy the community on which it lies. A well documented
case is that of the aluminium works near Marseilles (Bourcier, 1969), where sludge, consisting,
mainly of oxides of aluminium, iron and silicon are discharged from a pipe at a rate of
85 m3/hr at a depth of 350 m into a submarine canyon. After about two years of this discharge,
an azoic zone was produced, about 2 km wide and siretching down the canyon into deep water
for about 6 km, where the sludge covers the botiom 4o a depth of at least 12 cm. For 2 m
“or 8o on each side of the azoic zone, and stretching down the slope for several km more to
a depth of about 1 800 m, there was evidence of the deposit but at much reduced thickness
and rather patchy. Here the fauna was normal and some of the animals had been ingesting the
:fguent and maldanid worms Iwm using it to build tnbes, suggnsting it was not partioularly

0X1Ce R

Similer examples of blanketing effects oould be quoted from other areas, not just from
rod auds produced in the manufacture of aluminium but also from other inert materials such as -
fly ash and china clays. The important point is perhaps that they result in azoic zones only.
as long as the material is rapidly acoumulating, but that given time to stabilize and to
weather, a new and perhaps different fauna may colonize the ground.

' Ano“hor type of pollutant which produces effects evident at long distances from the source
is oile This causes obvious loss of amenity on beaches and it certsainly kills many sea birds.
It may also produce some mortality of other marine biota, partiocularly on the shore Yy
smothering attached organisme, but in gemeral, apart from the possible effects of low concen-
trations of soluble components which will be discussed later, the effects of oil on marine
ecosyntems may be less serious than the visual appearance would lead one to expect. Oftem
more dsmage is done by the methods used to disperse oil (such as oertain detergents) than by
the oil itself, and the general advice at present is to try to prevent oil coming ashore,

and even if it does, to leave it as far as poss:lble to natural prooeeses which will eventually
break it down and eassimilate it.

PR
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3.1.2 BSubtle effeots '

Apart from such gross and obvious examples of the presence of a polluttnt, we are usually
faced in the field with detecting effects which may mot be at all clear out. ‘The prodlem is
that envirommental conditions are continuously varying on a substantial range of time soal es,
and causing fluotuations in the populations of the organisms which make up ecosystems. It is
thus difficult to distinguish these natural fluotuations from any changes which may have been
caused Wy pollutantis. A good exsmple of this diffioulty is shown by a long series of obser~
vations made on the bottom fauna of a sandy bay in a sea loch on the west coast of Sootland.
Fig. 1 shows the changes in population demnsity of the dominant organiem of the intertidal
benthic populations = a small bivalve mollusc Tellina ienuis. In 1965 the population was
high but the numbers dsoclined year by year and there was no successful recruitment. It is
of oourse well known that in many species reoruitment is not an annmual feature, and indeed
that one good brood may dominate a population for several years. But the gradual deoline of
a population over eight years is shown here and if at any period after 1965 a toxic effluent
‘had been introduced into the bay or if there had been an oil spill, there is little doubt that -
this would have been blamed for the population decline. Detailed study of this population
and of many of the ecological factors involved has shown that in fact matural conditions such
as predation anii adverse weather can probably explain the decline.

. Problems of thie kind are particularly relevant in determining the sffects of so~called
"thermal pollution"™. With the incressing world demands for power, elestric generating stations
are increasingly being built and these are frequently sited on the coast where supplies of
cooling water are readily available. This may result in heated effluent discharging into the
surrounding water often at températures considerably above ambient, s¢ that a region of increased
temperature is produced. The consequence tands to be an inorease in the metabolism of organisms

exposed to this, and again it is difficult to detect effects which oan oclearly be lepa.rated
from natural fluctuations.

This type of situation has been examined in detail by Barmett (1972) at a power station
in the Firth of Clyde. We are not here concermed with effects on organisms which pass through
the cooling system - Barnett suggests that thie will not harm bivalve larvae, and Fox and
Moyer (1973) deduce that dead micro-organiems from this source may have a fertilising effect
on outside waters. We are rather concerned with biological effects in the vicinity of the
outfalle In the Firth of Clyde, Barnett and his colleagues showed that several of the dominant
species living in the sand near the power station were influenced:. For example, a population
of the gastropod Nassarius reticulatus living at and just below the low water mark was studied
in the area of the power station effluent, and compared with a population or a beach several
km away. It was shown that the animals near the outfall had significantly thinner shells
and that their breeding cycle was considerably modified. Spawning started in late January -

- and ea.rly February, some three months earlier than the normal population. One consequemce of
this is that the larvae would appear in the water before the phytoplankton on whioh thay feed
had developed their spring bloom (ocontrolled by light), so that a substantial mortality of the
larvae by starvation could be expscted. Other animal groups - bivalve mollusos and amphiped
and copepod crustaceans were also studied, and in all cases changes attributable to the
increased temperature were deteoted. These changes, however, oould be recognised only because
the region had been carefully studied for a number of years before the power station came into
operation, and because nearby sandy beaches were available for comparison as controls. By
these means it was possible to distinguish effects due to the elevated temperatures fron
na.tural fluctuations.

Looking at this question of natura.l fluctuations over a longer time series and a wider
range of species, work of the Qceanographic Laboratory at Edinburgh provides information on
the plankton of the North Sea over more than 20 years, and indicates a significant decreasing
trend in the mumbers of several important species (Colebrook, 1972). However, there is a
similar trend in the open north Atlantic and it is not possidble to provide a causal link
between this plankton change and any set of envirommental facts for which measurements are
available. It was shown, however, that at least ten years of observations would be required
before a irend could be statistically demonstrated showing the time soale involved in this
type of work.
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It is relevant that while this decreasing trend in plankton in the North Sea has beun
shown, in the same period there has been an increase in the yield of commercial fish from
that area. Some of thie is due to the greater lendings of pelagic fish thanks to the
introduction of the purse seine net, but the demersal landings also rose and this was due
to exceptionally good broods of several species during 1962 and 1967 in particular. Thus,
although we can measure increases in the level of pollution in the North Sea and ocan detect
a decrease in the plankton, any corresponding adverse effeoct on fish must have been masked
by some undetermined beneficial factors. Thus,a recent meeting of a working party of
goientists concluded that there was no evidence of an effect of pollution on our North Sea
resources (Coldberg, 1973). This did not mean that there was no effect but rather that it
wag not possible to detest one in the face of actual trends

3s1.3 Butrophication

Field observations thus seem to provide unequivocal evidence of pollution effeots only
when these effects are obvious and serious, but there is one aspeot on which our kmowledge
is becoming more precise ~ eutrophication. Nutrient snrichment can he seen as increasing
primary prcduction with some increase in other trophic levels, and is likely to be beneficial
as long a8 the rate of enrichment is not too high. When the rate of enrichment becomes too
high however, damaging effects on the enviromment may occur. As .a result of numerous studies
we have gome idea of permissible rates of nutrient addition for certain types of environment
(Ketchum, 1971), and it is sometimes possible to predict the changes when they occur.

At higher trophic levels also we have some idea of the effects of organie enrichment.
Much information comes from studies of grounds where sewage sludge has been dumped at sea
and the dumping ground in the Firth of Clyde im a good example. Sewage sludge from the city
of Glasgow has been dumped on one particular ground {(Garroch Head) for almost half a century
and the current rate is more than one million tons per year. Studies of this ground and a
comparison of its characteristics and fauna with clean grounds nearby show that the dumping
has indeed produced an effect. FMirst the mud is black and fibrous and has a foul smell and
the organic content (3-8 percent) is considerably increased, while sediment on nearby ground
1.5 km Or 80 away is grey, of fine texture, odourless, and has a considerably lower orgsnio
content (0.3-2.0 percent). Even more significant is the difference in fauma. On the oclean
ground a good mixed fauna of many major groups of mollusos, crustaceans, echinoderms and
worms is found, numbering about 1 300 individuals per square metre and with a biomass of
about 40 g dry weight. However, as the dumping ground was approached, the species diversity
decreased and the number and biomass of a few species increased until on the middle of the
ground only two or three species of worms were found, but the numbers of individuals reached
almost 50 OOO/m and the biomass almost 130 g wet weights However, this marked effect was
confined to the centre of the dumping ground, an area of some square kilometers, so that
the effect of a long period of dumping was considerably restrioted, and it could be suggested
that the environmental loss is small compared with the economic convenience.

It is perhaps useful to specu.late on what increased load this duwmping ground would stand
without becoming totally azoic. Experience in New York Bight is relevant here (Pierce, 1972).
Sewage sludge from the New York metropolitan area has been dumped there for some 40 years, amd

recently in qua.ntities almost ten times those in the Clyde. This has resulted in a sediment
" whioh in places is three or four times richer in organio matter than in the Clyde and, as
would be expected, in a very substantial modifioation of the fauna. However, there are no
large stretches completiely devoid of life, and again the total area affected, some 36
is relatively small.

It may be of interest to consider the different sorts of situation available for'll‘udgo
dumping, and the areas chosen by Glasgow and London perhaps represent the two extremes. As
"described above, Glasgow sludge is dumped in water of 90 m depth in a region of little water
movement, so that the material is concentrated in a relatively small area which is thus
significantly altered. London sludge on the other hand, is dumped in the outer Thames in
quite shallow water (15~20 m) where strong tidal currents ars found. It bas not been possible
to detect-any substantial effect of this dumping. Surveys (Shelton, 1970), indicate nothing
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more then a slight inorease in numbers and diversity of the polychaete worms. The choice
between deep, siill water, where the sludge can be detecied and momitored, or shallow,
fiowing water, where the material is widely dispersed, must be made on the basis of local
canditions and fishery considerations, and also in the light of the precise composition
of the sludge, which may or may not contain tonc substences (trade and industrial waste)
as well a8 sewage. . ‘ .

3.2 menmenta.l studiea :
3.2.1 Short—term tonoity oxperinentl '

The si.nplast of thsse tents examines the direct transfer of pollutants from water to
organisma. -This is done by short=term toxicity tests when selected species are kept in a
range of oconcentrations of the pollutant for several days and thé concemtration for 50 percent
mortality is determined. Such tests provide valuable quantitative information on effects,
but it is often difficult to extrapolato the result to field conditions and to greater time
soaled. The major diffioculty is that in the sea we are usually dealing with low levels of a
wide mixture of poliutants acting over long periods and also that in the sea there ig the
question of tramnsfer thmugh whole food chains. .

' 3.2 2 Experments with na'bura.l water on 1ndividua.1 species

One approach to the problu is to exporinont with the effects of . the uater taken direotly
from & polluted area. The recent work of Steele et al. (1973) on herring is a good example.
Eggs from spawning herring on a small bank in the Firth of Clyde were collected and fertilized
artificially from male herring caught in the same area. The eggs Were then hatched and the '
resulting larvae grown in water from four different locations: first in water from the spawning
ground. (Balla.ntrae Bank), second in water from the central deep section of the Firth, then
from water colleoted inshore in a polluted coastal region (Irvine Bay) near the spawning bank,
and finally, as & control, in clean water from Loch Ewe on the north-west coast. The results
ghow that the time takem for the eggs ito hatch, and the mortality after hatching, was signi-
ficantly different in the four water types. The order was the same in eech case, with a -
short time to hatohing related to a high mortality. The mortality rates after hatohing were
highest in the inshore areas of the Clyde; 72 percent for the polluted coastal region and
33 percent for the spawning bank, with a very low moriality; 6 percent in the clean water from
Looh Ewe. Thess effects may be asoribed to some factor or factors in the different waters,
and it is particularly significant that the inshore water had much higher nitrates and had
& grester BOD than the others, indicating ocontamination. It is also known that plankton and
herring from the Clyde have higher levels of DDT and PGB- than those from outer waters off
the north-west of Scotland (Williams and Holden, 1973)

3.2.3 Food ohain experments

While results of this kind demornstrate that polluted water in the field does have effects
-on single species at sublethal levels, there is still the question of how whole food chains
may be influenced, and this required not short-term tests on single species, but long-term
tests on at least simplified food chainse Wark of this sort has been dorie on the ecosystem
of sandy beaches (Saward et als, 1972). These beaches are often nursery grounds for flatfish,
and in some such commnities a favourite food of the fisn is the siphons of the small bivalve,
Teilina, which are cropped off by the predators, the bivalves themselves feeding mainly on
material filtered off from the water. We have therefore a food chain, phytoplankton to
bivalves to fish, incorporating the three main trophic levels, primary production, herbivores
and carnivores, and after some trials we were able to set up this food chain in large experi~
mental tanks indoors. Using copper as a polluthat at three different concentrations with a
cantrol we studied over a period of ten days the effects of these three trophic levels,
having first determined the 96 hour LD50 of copper. on Tellina and plaice as 1 000 and 750
micrograms per litre respectively, The level in sea water in ane of our industrialized
areas in the Clyde is about 3 micrograms per litre and the ccmcentrations used in the
experimnts vere 10, 30 and 100 micrograms per 1itre.
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These experiments showed that the copper added to the water became distributed through-
out the entire experimental ecosysteme In the water it was mainly in soluble form and only
a2 small proportion was found in suspended particulate material. The bottoms of the tanks
were covered by a layer of sand, and copper was taken up by the layer in amounts reflecting
both the level of copper in the water and the duration of exposure = in no case was a plateau
ooncentration reached duwring the course of the experiments. Considering next the biota, shell
and soft tissues of Tellina were analysed separately, and although copper was taken up by
both, the accumulation in soft tissues was much greater. Levels increased with both dose
concentration and period of exposure. After 100 days the Tellina soft tissue concentrations
of copper per unit dry weight were 1 100 ppm, 470 ppm and 270 ppm for dosage regimes of 100,
30 and 10 ug Cu/l respectively. The normal background level of animals collected from the
beach was less than 50 ppm. For the fish, there was liittle change in copper content of body
tissue during the experimeni, but the levels in the viscera increased considerably. The
copper content per unit dry weight of plaice viscera exposed ta 100 Mg Cu/l for 100 days was
570 ppm, compared with a normal bvackground of 30 ppm.

Corresponding with the evidence of accumulation in the food chain, there was evidence of
metabolic effects. Both the chlorophyll a and total pigment levels of particulate matter in
the tank water decreased with increased copper dose and the total ¢14 fixalis for treated
tanks was lower than the control. For Tellina, condition indices (dry soft tissue weight/shell
length) and oarbohydrate reserve levels were lower in all treated tanks, and mortality was
greater at dosage levels of 100 and 30,ug Cu/l. Considering the fish, growth of plaice in all
polluted tanks was lower than in the control and no threshold was indicated. It was of interest
that fish biomass in the 100,ug Cu/l tank was higher than in the 30 sg/l tank and this can
partly be explained, first in that an algal mat which forms on the sand surface and interferes
with fish feeding was much reduced at high dose levels, and second in that withdrawal of
Telline siphons is inhibited again at high dose levels, so that food availability for plaice
wags increased in these tanks. )

The conclusion from these experiments is that copper affectis the Tellina/plaice food
chain at all levels, not only directly but also in a complex manner due to interaction of
ecosystem components. .

One important point is that while the viscera of the fish showed some increase in copper
levels, there was no increase in the flesh so that we have an effect without the usual chamical
evidence. We have thus been able to show that at concentrations not much above those found
in the natural environment we have significant effects on the ecosystem and a further justifi-
cation for extrapolating this to the field is that the levels of copper in our experimental
Tellina after 100 days was similar to that found in Tellina in nature near the outfall of ome
of the main effluent pipea in the industrialized area.

3.2.4 Parent-offspring experiments

We have shown that pollutants can have scological effects on being iransferred to organisms
from the water and also through the food ohain. One final censideration is effects by transfer
from one generation to another of a given species. Relevant work hss been desoribed by Menzel
gt al, (1970). They reared in brackish water calanoid copepods in various DDT concenirations
from juvenile to adult, and the nauplii produced were transferred to clean sea water and their
growth studied. It was shown that offspring whose parenis were reared in ooncemntrations of
at and above 0.01 micregrams per litre could grow to the pre-adult stage but could not meta=
morphose into adults. There has thus been some effeoct transferred from one generation to
another at a DDT concentration that could be found in polluted areas.
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1. INTRODUCTION

Since adverse effects of water pollution on fisheries have been studied extensively in
the freshwater environment, approaches that have been made to fishery problems there will
be discussed for their relevance in identifying and investigating some of the most acute and
urgent problems affecting fisheries in estuaries and coastal waters. Questions relating to
general ecology and to the open sea will not be raised.

The main pollution problem for freshwater fisheries in the United Xingdom stems from
the combined effect on rivers of sewage and industrial wastes in lowering the concentration
of dissolved oxygen and raising that of poisons, principally metals (copper and zinc),
cyanides, ammonia and phenols. It will be shown that the short-term lethal effects of these
conditions on trout can be reasonably well defined from laboratory studies. The question
remains of predicting the long-term effects on survival and on other responses under the
fluctuating conditions characteristic of polluted streams and of determining their ecological
importance not only for trout but also for a variety of coarse fisheries, so that realistic
water quality criteria for fisheries can be established., Such criteria can then be used in
the management of polluted waters. : ,

The logical long~term approach, alongside appropriate field studies, would be to develop
more elaborate laboratory experiments culminating in work on simulated polluted rivers and
partially-controlled natural systems and indeed some work of this kind has already been done,
but an alternative interim approach is to seek empirical relations between short-term esti-
mates of toxicity teo fish and the presence or absence of fisheries in polluted rivers.

v

2. LETHAL EFFECTS

To define maximum permissible levels of pollutants implies that the causes of pollution
should have been identified and that their adverse effects on relevant components of the
ecosystem should have been assessed, Clearly, any practical approach to the problem must
be limited, at least initially, not only to those factors that have the greatest impact on
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fisheries but also to those effects that are most relevant and most easily‘measured both in
the field and in the laboratory. In the United Kingdom the approach during the last decade
or so has been to concentrate much of the work on fish themselves, mainly through laboratory
studies to assess under various environmental conditions the direct toxicity of the most
commonly occurring poisons. The assessment is generally made in terms of concentrations at
which times of survival are expected to be relatively long (several months) and at which only
a negligibly small proportion of a populat1on of fish would be killed after such a long
perlod of continuous exposure. - v

241 Effect of fixtﬂres of poisons
Z+«1s1 Pure substances

Much of the published information on the toxicity of substances to fish relates to
materials tested singly, whereas generally in polluted rivers, and frequently in effluents
that are discharged to them,.mixtures of poisons are present. A few early workers, for example
Southgate (1932), showed that it was. possible to determine the effect ‘of a mixture of similar
poisons in water by summation of their individual toxic fractions, and others have suggested
that' synergism may be important, e.g. with heavy metals (Doudoroff, 1952), but in the last
decade a considerable amount of more detailed and longer-term work has been carried out.

Ih general it has been shown that the combined action of several.pdisons is approximately

'additive; if, for example, the concentrations of two poisons that kill 50 percent of the fish

in a few days (LC50) are Ay and Zy respectively, then the concentration of each (A and zg)
equired in a mixture to given the same toxicity is such that the sum of the fractions
A Av + Z./Z¢ equals unity. This relation has been found to hold with rainbow trout (Salmo
airdneri) for (i) mixtures of zinc and copper in both hard arnd soft water (Lloyd, 1961
ii) ammonia and phemol (Herbert, 1962); (iii) ammonia and zinc in both hard and soft wvater,
and also in the presence of reduced dissolved oxygen (Herbert and Shurben, 1964); (iv) copper
and ammonia, and zinc and phenol, though there is a tendency to over-predict the toxicity
of these two mixtures the lower the percentage response chosen (Herbert and Vandyke, 1964),
(v) copper and phenol (Brown and Dalton, 1970); and (vi) phenol and cyanide in saline waters.
at up to 20 percent sea water, though at 50 to 70 percent sea water the observed 48-h 1Csg
was 1.7 times the predicted value (Minlstry of Technology, 1969) ¥

Mixtures of three substances have been tested together, 1nc1ud1ng (1) phenol, zinc and
ammonia, -in which there was a tendency to over-predict the toxicity where zinc predominated
(Brown et al., 1969), and equitoxic concentrations of (ii) phenol, zinc and copper, and
(iii) nickel, zinc and copper (Brown and Daltom, 1970), with which there was good agreement

.between predicted and observed resultse

" While the:bulk of this work indicates that satisfactory prediction of the toxicity of

- simple mixtures of the commonly-occurring poisohs can be made, there is no theoretical basis

for this and no reason to suppose it would be true for other substances. or other fish, or

for effects other than survival. On the contrary, circumstances can be envisaged when it
would not, for example when complexes are formed between metals and cyanide; certainly there
are examples of unpredictable toxicity of complex mlxtures. particularly pesticide formulations
(Alabaster, 1969). - :

2e142 Sewage effluent

The pred1ct1ve method has been used to estimate the relative 1mportance of the commonly-
occurring poisons (ammonia, monohydric phenols, zinc, copper and free cyanide) in sewage
effluents in industrial areas in the United Kingdom, samples being taken from a variety of
disposal works covering a- range of treatment processes and receiving various types of indu-
strial wastes (Lloyd and Jordan, 1963, 1964); the toxicity of the effluents to rainbow trout

was measured under controlled conditions and predicted on the assumption that the toxicity of

the mixture of all given poisons could be calculated from chemicel,analyses in a manner
similar to that used in laboratory studies. "In 13 out of 18 toxic effluents, the predicted
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toxicities were within } 30 percent of the observed values, and 6 effluents were corfectly
predicted to be non-toxicj; only 2 effluents were more toxic than predicted, probably because
of the presence of other unidentified poisons.

2.1+3 Field data

The same empirical approach has been applied in field studies of fishless rivers in the
Midlands (Herbert, Jordan and Lloyd, 1965), taking into account the effect of environmental
factors on the toxicity of individual poisons in the manner recently summarized by Brown
(1968), and in general there was reascaable agreement between predicted and observed toxicity.
More recent work has been summarized by Brown et al. (1970), in which it was shown that there
was an overall tendency to under-predict toxicity by about 35 percent in polluted freshwaters
and by about 65 percent in polluted saline waterss.

Thus, all the evidence avalilable suggests that much of the short-term toxicity of the

commonly-occurring poisons can be satisfactorily predicted, at least for rainbow trout in
freshwaters.

2.2 Relation betwveen long- and short-term effects of poisons

With the five common poisong, ammonia, phenol, cyanide, copper and zinc, and mixtures
of them, the relation between period of survival of trout and concentration of poison is

such that a good indication of the median threshold concentration is obtained within a few
daysSe

Other metals, however, (cadmium, chromium, and nickel), are much more toxic to trout
after long periocds of exposure than the results of short-term tests might suggest; for these
it would not be appropriate to use 48-h LCgp values alongside those for copper and zinc when
seeking correlation of toxicity with long-term effects on fish populations but to use the
best estimate of the median threshold concentration.

2.3 Fluctuations in water quality

Most laboratory studies have been carried out with continuous exposure of the fish to
constant environmental factors, whereas conditions in rivers are continually changings This
makes it virtually impossible to predict the survival of fish under field conditions.

With some poisons, e.g. Cyanide, exposure of the fish for a short time to a concentration
that eventually would have proved lethal, has no apparent adverse effect after the fish are
transferred to clean water, and also has no effect on their resistance to subsequent exposure
to the polsone Such recovery of the fish is not found with all substances. With DDT and an
organo-phosphorus pesticide (Abram, 1967), and an effluent containing pesticide residues
(Alabaster and Abram, 1965), under conditions in which short (6-h) periocds of exposure to the
poison alternated with similar periods in clean water, exposure time is approximately additive,
the survival time of the fish being approximately equal to the time they would have survived
in the mean concentration had it been applied continuously.

Further work with ammonia, zinc and equitoxic mixtures of the two (Brown, Jordan and
Tiller, 1969) has also shown that under conditions in which the concentrations alternated
between 145 and 0.5 times the 48-h LCsg at intervals of a few hours, survival of trout was.
close to that of fish kept continuously at the 48-h LCsp. More recent tests (Ministry of
Technology, 1971) have been made with two poisons, phenol and cyanide, to which trout were
exposed for alternate 4-h periods, under continuous-flow conditions, one poison gradually
replacing the other, and then over the next period being itself replaced, each having a
final concentration equivalent to the 48-h LCs5p. The results shoved that the mixtures were
only slightly less toxic than predicted, assuming no recovery of the fish from cyanide, and
that the toxicity of the system was reasonably well described by the average conditionse.
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Yith other poisons, ee.g. the herbicide Reglone \Alabaster and Abram, 1965) and cadmiun
(Hlnlstry of Technology, 1969), fish which had been exposed to potentially lethal concen—
trations for times far shorter than those at which they would have been killed under conditiéns
of continuous exposure subsequently died after being returned to clean water; for these
substances attempts to predict survival from average concentratlons ‘would, therefore, tend
to under-estimate toxicity.

Long=term exposure of fish to sub=lethal concentrations of some substances has also
been shown fo affect their subsequent resistance to poisoning., Trout exposed go ammonia for
several months became more resistant to lethal concentrations of ammonia and less resistant
to lethal concentrations of zinc (Ministry of Technology, 1968). Somewhat similar results
have been reported for rudd exposed to sub~lethal concentrations of zinc; they developed an
‘increased resistance to this poison (Mlnlstry of Technology, 1 966) On the other hand,
trout, after exposure to sub-lethal concentrations of zinc were of similar sensitivity to a
detergent (an alkyl benzene sulphonate) as control fish that had not  been exposed to zinc,
but were slightly more sensitive than the control to a mleure of detergent and zinc (Brown,
Mitrovic and Stark, 1968).

These examples serve to illustrate some of the possible effects on direct toxicity of
fluctuations in chemical conditions in polluted rivers. More information is required on
both the nature of variations in quality that occur in rivers and of their effects on the
survival of fish of ‘11 kinds before reliable prediction of toxicity can be made.

3. SUB-LETHAL RESPONSES

Generally, experiments with whole animals are more likely to yield ecologically signi-
ficant results than those involving only organs or tissues, though the latter may be nmore
useful in the long term in providing a basis for understanding the effects of pollutants in
ecosystems. It is important, however, that, when in vitro tests are conducted, concentrations
of pollutant should be used.that are similar to those llkely to be found in the whole animal
when exposed to the pollutant under field conditions.

An example of a potentially useful test relates to the'blockihg of chemoreception in
crustacea which could reduce the foraging success and also possibly interfere with the ability
of male lobsters to detect the female pheramones and thus find a mate (IDOE, 1972).

Another example of changes in behaviour induced by envirommental stress and appearing
to have ecological significance is provided by the reaction of the shrimp (Crangon vulgaris)
to reduced dissolved oxygen (DC) (Huddart and Arthur, 1571). Normally a proportion of a
population swims by pleopod action, rising from the bottom at a shallow angle and then,
swimming actively downwards, return to the bottom to burrow where it is sandy.  In the
presence of lower DO a much larger proportion is free-swimming, rising from the bottom at a
steep angle and then sinking passively; with further reduction in DO swift upward escepe
reactions occur, involving rapid abdominal flexure with the uropods extended, followed by
passive sinking. Standing individuals appear to be "on tiptoe" and are unresponsive to
"stimuli until some time after the-restoration of high levels of DO. The consequence of this
behaviour in an estuary in which a zone of partly deoxygenated water. oscillates with the tide
would be for the shrimp to be carried by the water current away from hypoxic conditions,
This suggestion is reinforced by the results of a mathematical simulation of the Thames
Estuary embracing background swimming, stimulated activity in the presence of reduced DO and
exhaustion after 30 minutes of increased activity; these results simulate the distribution
and the large rapid reductlons in number of shrlmp which have been observed in part of the
estuary.

On the other hand, many experiments, such as those (Deubler and Posner, 1963) with post—
larvae of the American flounder (Paralichthys lethostigma), while they demonstrate the ability
of the fish to detect and avoid water in which the DO has fallen to about 3 mg/l in a few
minutes, give practically no indication of how they would react to the more gradual temporal
and spatial changes likely to be encountered in the wild.
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Other reactions caused by reducing DC and possibly having survival value for the
species would include schooling behaviour which, for the northern anchovy (Engraulis mordax),
is altered when DO is slowly lowered to less than 2 mg/l (Moss and McFarland, 1970).

In all these cases there is a need to conduct experiments on as large a scale as
possible, to test conclusions using mathematical simulation and to confirmresults in the
field whenever possible.

4. RESPONSE OF ARTIFICIAL ECCSYSTEMS

Cne of the most relevant parameters to study is growth of the species because, in
conjunction with the biomass it determines production; this, in turn, is related to yield,
which is particularly important for commercial species. Growth of a species may be affected
by envivonmental variables directly or indirectly (through effects on its food) or both,
phenomena which have lent themselves to elegant elucidation in artificial ecosystems
(darren and Doudoroff, 19713 Warren and Davis, 1971), comprising riffle sections of fresh-
vater streams containing salmonids and sculpin (Cottus perplexus) in the presence of kraft
mill effluent, dieldrin, or low DO.

Empirical relationships have been established between the growth rate of fish and their
ow.i biomass and therefore between Ffish production and their biomass, between fish growth
rate and food density, and between food density and fish biomass; ie.e. fish production is
showni to be depedent upon the biomass of both fish and their prey. Such relationships are
particularly valuable in making possible a detailed examination of the functions of parts
of an ecosystem and yet circumventing the need to rely upon a deep understanding of all the
mechanismsm involved, which, although an ultimate goal,is a very distant one even for the
riffle system.

Another type of laboratory estuarine microecosystem (Copeland et ala, 1972) designed
to the hydrolegical characteristics of Trinity Bay, Texas, and containing representative
samples of the natural sediment showed héow reduction in freshwater flow ;educed net primary
production (ratic of photosynthesis to respiration) in all but the seaward segment, and
vhereas under normal flow numbers of zooplankton were not related to photosynthesis because
they were utilizing imported organic nutriemts, under drought conditions they were entirely
dependent upon photosynthesis. Thus, a large import of polluted freshwater bringing nutrients
might offset to some extent, the disadvantages of its toxicity. At the same time, by virtue
of its low salinity and its contents of poisons, it would have an impact on the survival of
larval fish and oysters and their predators (Walne, 1972). It has been stressed in the
context of cycling of metals in estuaries (Wilfe and Rice, 1972) that meaningful evaluation
of the ecological stresses imposed by wastes would entail detailed knowledge of the inter-
actions involved, which would require considerable research to quantify the reservoirs and
the routes and rates of flux; in the meantime, however, it might be more rewarding to
concentrate attention on identifying empirical interrelationships, such as Warren and
Doudoroff (1971) and co-workers have done for production in their systems.

It is of interest to note that, as might be expected from the experiments of Warren
and Doudoroff (1971), Jensen and Snekvik (1973) have described an increase in growth of
trout populations followed by a decrease in abundance and eventual extinction in streams in -
which the pH has fallen steadily over a number of years.

54" FIELD OBSERVATIONS
Laboratory tests, even those using artificial ecosystems, although of help in under-
standing some of the complex effects of pollution under natural conditions, are no substitute
for cbservations and experiments in the field. An example of a potentially valuable field
experiment is the sub-lethal dosage, with DDT, of tagged salmon smolts and their subsequent
release alongside untreated tagged fish; untreated fish showed a markedly better return from
the sea as grilse the following year than the treated individuals (Fisheries Research Board
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of Canada, 1971) This result is much more meaningful than those of laboratory tests on
. the effect of DDT on learm.ng ability and behaviour of the fish in temperature gradients.

5«1 Empirical relationships between water quality and fisheries

5e1e1 Freshwater -

‘Intensive studies of catchment areas have been initiated (Alabaster et al., 1972) in
close collaboration with the River Authorities which have provided data on the chemical
quality of the water at a large number of sampling stations and also made an assessment of
the status of the fisheéries at eachs For each sample the concentration of each of the poisons
- ammonia, monohydric phenols, cyanide, copper, zinc and the other toxic metals (nickel,
chromium and cadmlum) - were expressed as the fractional 48-h LC5g to rainbow trout, taking
into account the effects on'toxicity of environmental factors, including temperature,
dissolved-oxygen concentration, pH value and water alkalinity. These fractions were summed
for each sample taken and the probability distribution of the summed proportions. of the 48-h
LCsg were calculated for each sampling station. When this was first done in 1968 Ffor stationg
on the River Trent system, the distributions fell into two fairly distinct groups, one associ-
ated with the presence of fish and the other with their absence; the coordinates of the .
approximate boundarydi stribution of 48—h LC5O between flshless and flsh—supportlng waters
are given in Table I.

Table T -

Coordlnates of approx1mate boundary distribution of 48-n LC50
between fl hless and Fish~supporting wvaters

Per cent probability 11 5 f.10° 25 50 75 90 95 99

Sum of proportions

of 48-h LC5Q 0.07 | 0.10 } 0.13 0.18 1.28 0.41. 0.60 | 0.73 11

Somewhat similar results have been.found subsequently For several other river systemé.
By calculating for each station separate distributions for toxicity attributable to
one ‘or more poisons, the contribution of each to the total can be éasily demonstrated. It
underlines the importance of both dissolved oxygen and of metals in deterniring toxicity
over the range where conditions appear to bé marginhal for fisheries (around 0.28 of the 48«h
LC5O) and the added importance of cyanlde and other poisons where _hey are worst.

Whether or not the empirical relatlon found in these studies have any validity elsevhere
is not known., It is quite possible that, in attempting to'sum small fractions of the 46-h
1Csg of several poisons, the toxicity of some is underestimated, for example, because of un-
known long-term effects, while that of other is overestimated, for example, because of
adaptation by the fish. The resulting errors might tend to-cancel each other and the sane
could happen with the relationship derived between toxicity to trout and the presence or
absence of another species where the relative sensitivity of two specie€s may be reversed for
two different poisons. For this reason alone it would be surprising 1f the relationships
already found were universally appllcable.

Clearly, it would be better to make direct measurements of toxicity instead of relying
on predictions and to use species appropriate to the fishery of 1nterest instead of trout;
much more 1nten51ve populatlon studles would also be de51rab1e.
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56202 Saline water

Doubts have been expressed about the possibility of detecting the effects of pollution
on marine fish stocks by examining commercial catches in view of the large fluctuations
brought about by climatic factors and fishing pressure. There is a reasonably adequate
theoretical framework for studying, particularly, the exploitation of stocks of some
commercial fish, there being good estimates available of recruitment, growth and natural
mortality, but estimates are needed for many more species (Gulland, 1971). In particular,
rnere should 'be discovered about events during the first few weeks or months of life,

" particularly as the young stages may be the most vulnerable to pollution. It might then
be possible to carry out meaningful mathematical simulations of the effects of mortality,
perhaps on the lines already attempted by Waller et al. (1971) for the fathead minnow
(Pimephales promelas). -

Hevertheless, problems are perhaps best identified, as well as being best studied,
undér field conditions, particularly in estuaries, coastal waters and seas having compara-
tively little exchange with the open ocean. Special effort ought to be paid to these
regions, in view of their importance for shell-fisheries and as nursery and feeding grounds
for fish, and alsc the nced to understand the most acute problems first.

Fruh et al. (1972) showed that the diversity of benthic organisms, zooplankton, and
fish vere related to edtimated toxicity in San Francisco Bay and Galveston Bay, but further
wvork is required to identify the main pollutants concerned. The progress already made in
that direction in the freshwater environment has depended upon the assumption that the
effect of sub-lethal concentrations of five common poisons (ammbnia, phenols, cyanide,
copper and zinc) is additive when they are present together in a river; this is not necessa-
rily valid for all poisons in all circumstances, especially when very low concentrations
are present. For the mummichog (Fundulus heteroclitus), for example, there appears to be
synergism between copper and zinc and between these and cadmium (Eisler and Gardner, 1973)
and for polychaetes, antagonism between phosphate, nitrate and silicate (Reish, 1970).

6+ SUMMARY AND CONCLUSIONS

Freshwater environment studies of river systems have revealed empirical relations

' 'between water quality and the presence or absence of fish. By arbitrarily expressing water
quality as the fractional 48-h 1Llgq of known poisons it is possible to identify the comparative
. /importance in a given situation of different poisons and environmental factors.

When a single water quality characteristic predominates, an empirical relation between
its temporal distribution and the status of a fish population can be used in formulating
water quality criteria, though this also requires data on lethal and sub-lethal ecologically
significant adverce effects on fish and other aquatic organisms, including reduced growth
and fecundity, avoidance of low concentrations of pollutants and other alterations in normal
behaviour and physiology. These aspects have so far received relatively little attentioenm,
partly because of the difficulty in demonstrating their relevance and partly because they
would involve the use of considerable resources that might otherwise be deployed on existing
lines of enquiry.
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1. INTRODUCTION

Increaging coastal water pollutlon caugsed by the establishment of industry and increas-
ing populatlon at the coasts has made it essential for the authorities concerned to exercise
control of the marine environment and to decide on limits for permigsible quantltles of
‘pollutants-in the sea. Such measures demand knowledge about the reactions.of marine organi-
sms to different pollutants. and the ecologlcal consequences of their presence in the marine
enV1ronment.

For these reasons bioassay work has been done at the Kristineberg.Marine Biology
Station,’ situated -at the Gullmar Fjord on the west coast of Sweden, for several years with
marine animals as test organismse Polluting components in coastal waters are studied, and
their effects on the animals determined. The studies are particularly concerred with the
toxicity of surface-active agents, frequently present in polluted.coastal waters as they
are active ingredients in detergents and oil dispersants. Recently, the effects of heavy
metals have been included in the investigations. The work is supported financially by the
National Swedish Environment Protection Board and the Royal Swedlsh Academy of Sciences
to which the station ‘belongs.

The toxicology studied at.Kristineberg can be characterized as an ecological toxicology
because it is aimed not only at the necessary determination of the acute toxicity of
different contaminants but also at a prediction of possible ec01091Ca1 consequences of their
presence in the marine env1ronment.

For these purposes, a great variety of marine animals are used, belonging to different
taxonomic groups, such as fish, crustaceans and bivalves, each represented-by two or more
species from different habitats and with different modes of lifes 'Both adult animals and
developmental stages are studied as sensitivity to toxicants varies con51derably during the
1life cycle, the early phases generally being the most sensitive.

Short-term tests are carried out over 96 hours to deteérmine acute toxicity and lethal
effects, and long-term tests, running for several months, are used to observe chronic
effects of sublethal concentratlons, corresponding to those which' may occur in coastal
waterss v : .

During the tests, mortality and survival times are recorded continucuslye. A particular
interest is taken in the observations cof the effects, of various biological functions which
may be of ecological importance to the animals, such as behaviour; activity patterns,

’
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defence reaction, response to food, etc. These functions serve as early indications of

effect, but may differ greatly in sensitivity. Even small changes in such reactions may
have fatal consequences for the animals when part of the ecosystems, Effects on growth

and development are also studied in the early phases of life.

Attempts are made to understand the general principles for the toxicity of the
materials tested, by studying their action on physiological functions such as recsiration
and osmoregulation as well as their accumulation in tissues and organs.

2« METHCDS AND EQUIPMENT

The biotest technique used at Kristineberg is based on the continucus flow principle.
Continuous flow aquaria systems are generally considered to facilitate the maintenarce of
more natural conditions in the physico-chemical environment cf the test tanks, i.es of such
factors as temperature, salinity, pH,oxygen content, NH3-content, bacterial level, etc.

Aquaria systems with running sea water are possible at Kristineberg as the station has
a constant supply of clean sea water, being pumped into the laboratory from a 40 m depth of
the Gullmar Fjord, At this depth the salinity is fairly constant, between 32-34%/0o, and
. the oxygen content is high, 80-90% saturatione The incoming sea water has a terperature
variation throughout the year from 4 to 169C but with no rapid fluctuations. In tiis region
there are no tides.

The biotest equipment (Fig. 1) is principally designed as described by Swednark et ale
(1971)+ Details are given on pe75 o It consists of 3 levels of aquaria with a varying
‘number (4-13) of test tanks at each level, of which one is a control tank. The mixing of
the standard solution of the test material and the water takes place in each vertical
section via its respective fumnel., To increase the mixing efficiency, the funnels are
equipped with glaff beads on coarse nylon meshe In order to keep the concentrations of the
tested material constant, the standard solution is added to the test aguarium by means of
precision dosage pumps (electric piston pumps or microperistaltic pumps). The rumning sea
water ig distributed by siphons, valves or by a special dosage apparatus (Granmo and Xollberg,
1972). A1l tubing is of Tygon or Silicon. Rectangular 'or cylindrical Perspex plastic
aquaria are usede. Their volume varies between 10 and 60 1, according to the cize of the
test animalses OCylindrical-vessels are always used for testing eggs and larvae. Gencrally
the number of adult animals in each tank is 10-20, but sometimes less of practical reasonss
The equipment described here permits simultaneous testing of several species in a muiber of
different concentrations at uniform environmental conditions and yields a great quantity of
data within the test time. It has a simple design and has been shown to be of good reliabi-
lity.

The standard solution of soluble material (surfacé-active agents, some oil dispersants,
heavy metals) is made by dilution with distilled water. While testing inscluble dispersants
and oils, the concentrated, undiluted products are useds These latter materials have proved
to be very destructive to the tubing which raises some problems.

The emulsions (mixtures) of different oils and oil dispersants are made up by means of
a stirrer in the standard solution tanke. In a tight emulsion the droplets are smaller and
more homogeneous in size than in a coarse dispersion. For light fractions of refined oil,
such as marine diesel oil, the proportions of dispersant and oil were 1:9, to give a tight
emilsions For heavier fractions as fuel oil or crude oil, the corresponding proportions
wvere changed to 1:1 to give a similar emulsion.

By the mixing methods described, surface active agents, dispersants, as well as oil
emilsions, were well mixed with sea water, The dispersions formed, generally kept their
homogeneity during the passage through the aquaria, with the execption of crude oil, whigh
caused some practical difficulties as a tight emulsion was not obtained, In the tests the
oil floated on the surface of the water, or appeared as droplets in a coarse dispersion.
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However, this was considered to correspond quite well to the conditions in water of low
turbulence and without tides. For this reason, no other mixing method was:tried.

Concentrations from 1 to 1000 ppm (mg/l) are used as standard concentrations. As a
rule, each product is tested in duplicate series. Substances are tested both pure and in
mixtures for the study of joint effects. ’

The sea vater flow is generally kept at O+5 1/min and there are only small variations
in the flow (less than 1%)s Regular control of the oxygen content shows that this flow is
enough to give a satisfactory oxygenation (more than 70%) in all tanks.

According to our e;éperience, short-term testing is best run at temperatures which do
not differ from the normal sea vater temperature of the season, as the animals are then
exposed to less extra stress. In our region, 6°C corresponds to the mean winter temperature
at 40 m, 119C to spring and autumn temperature and 16°C to the mean summer temperature.
However, when necessary, the temperature of the test tanks is kept approximately constant
with an immersion heater or a cooler equipment. ;

As the susceptibility of the animals has been shown to vary with temperature and season,
probably in commexion with reproduction periods, it is preferable to make comparative short-
term testing during the same season. . :

Short-term exposure always lasts 96 hours and is followed by a recovery period of at
least 48 hours in clean sea watere The recovery period is particularly important when -
testing bivalves as they often manifest a delayed mortality. ‘

Temperature, salinity and dosage rates are checked daily. The oxygen content. is checked
once per short~term test, or once a week in long-term tests. Mortality and. effects on bi
logical functions are recorded several times a day during short-term testing. ‘ .

3. CHOICE OF TEST ANIMALS

A variety of marine fish, bivalves and decapod Crustaceans are used as test organisms.
They all live in the littoral zone (0-40 m) and are caught in the Gullmar Rjord and nearby
waters. The test animals have been chosen according to the following criteria:

(&) They should represent different taxonomic groups.and also different
biological types with regard to locomotion (mobile or sedentary) .and

nutrition (filter-feeders - carnivorous); :
(b) they should include species of economic importance;
(c) they should include species representing different trophic levels;

(d) they should be susceptible and the biclogical functions studied should .
be easy to define and observe. :

The choice may be limited for practical reasons, ‘such as availability in the region and
ease of collection and adaptability to laboratory conditions.

Our standard test species among fish are cod (Gadus morrhua), three-spined stickleback
(Gasterosteus aculeatus) and flounder (Pleuronectes flesus), two free-swimming species and
one bottom-dwellings Among decapod crustaceans, prawn (Leander adspersus), brown shrimp
(crangon crangon) and shore crab (Carcinus maenas), ie€. two more mobile and one less mobile
speciess Sometimes hermit crabs (Eupagurus bernhardus) and spider crabs (HEs araneus) have
also been used. The following bivalves have been chosens the scallop (Pecten opercularis)
a swimming species, the cockle (Cardium edule) which is a superficially burrowing type, the
clam (Mya arenaria), a deep-burrowing and relatively stationary species, and the common
mussel (Mytilus edulis) which represents a sessile form.
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The animals are acclimatized to laboratory conditions for at least one week before
testing to retain normal behaviour and physiology. If fish and crustaceans are kept for
longer periods, they are fed up to- 48 hours prior to, but not during, a short-term test.
Even if the animals are fed, they may lose their condition in the store tanks, and thus
‘newly caught animals are generally preferred for ‘the tesgting., Exceptions are made for
species with vertical seasohal migration, such as prawns and crabs, which are caught in
shallow water at the end of the summer and kept in store tanks during the winter. In long-
term testing all the species,including bivalves, are regularly fed. ‘ .

Con51der1ng the variation of SuSCeptlblllty durlng the life cycle, it is preferable
to select test animals of the same size in order to obtain comparable results.

For the study of the effects on early phases of the life cycle, including fertilization,
'eggs and larvae of cod, common mussels and lobsters have been useds The effects on the
sensitive phases of the moulting cycle in decapods are studied on prawns.’

4. BIOLOGICAL FUNCTIONS STUDLED

To determlne mortallty dxfferent criteria for death, appropriate for each organism,
are used, For fish and decapod crustaceans, the cessation of respiratory and body move-
‘ments are used and for bivalves the cessation of function of the adductor muscles and the
complete inactivation. of the muscles of the mantle edge. The planktonic eggs of cod and
larvae of cod, lobster and’ mussels are con51dered dead when laying 1mmob11e on the bottom
of the tanke. . . . . -

To determine sublethal and chronic effects of toxic materials, the following biological
Punctions of adult animals are studied:; locomotory behaviour of mobile species, respiratory
movements of fish, response to food by fish and decapods, shell-closure ability of bivalves,
burrowing and siphon retraction of cockles and clams and byssal activity of common musselss
The effects on hatching rates and on the development of eggs and larvae are observed.

. The effects of surface active agents, ineluding oil dispersants, and heavy metals on
the functions studied appear according to certain patterns in the following sequence:

(a) increasing activity (avoidance feactibns);
(v) decreasing activity (succe551vely 1mpa1red reactions);
(c) immobilization and death.
5¢ DATA PRESENTATION
The results. obtained -on écute_toxicity and lethal éffects of the toxic materials for
each species are presented in diagrams, which express the relationship beétween concentration
and survival time. From these toxicity curves the median lethal concentration or LC50, iece
. the concentration that kills 50% of a sample at any exposure time, is interpolated and can
be tabulatede -The 96 h LCsg values are the standard form used for the comparative ranking

of the toxic substances. Due to the dlfferent susceptlblllty of the test specles, a ranking
list is established for each spec1es.

The procedures of plottlng tox1c1ty curves and calculatlng 1C50 values are given in
detail on p . BExamples of such curves are shown in Figs 2 and 3, illustrating the toxicity
of some oil dispersants.-to cod and common mussels respectively - one a sensitive gpecies,

‘the other a'very resistant one. The,exposure time is 96 h, followed by 48 h in clean sea
water, Symbols with an arrow indicate that median mortality is not obtained. The distri-
bution of the curves in the diagram shows the different tox1c1ty of the tested material.

It is evident from Fige 2 that the toxicity to.cod generally decreases rapidly with decreasing
concentrations. Another type of toxicity turve is obtained for common mussels (Fig. 3).
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The toxicity decreases much slower with decreasing concentrations and most of the mortality
occurs after exposure. This is characteristic of bivalves which stresses the importance of
inciuding a period of clean sea water in the test,

The 96-h LC50 values for each product are tabulated as shown in Tables I and II, where
the LC50 values obtained after 48 h in clean sea water are also includeds Due to the different
ability of recovery for different species and the often delayed mortality, particularly of
bivalves, these values are often lower than the 96-h LCgg values. With prolonged exposure
time there is also a decrease in the LC50 values, il.e. the toxicity increases with time.

The variation obtained in the survival times and in LC50 values, probably due to temperature,
season and individual condition, has been statistically treated and the 95% confidence limits
calculateds For variation in survival times, Litchfield's method (1949) has been used, and
for variatien in LCsg values that of Litchfield and Wilcoxon (1949).

Mortality in controls has been, and should be, rare. When this occurs, the percentage
mortality in the test series has been calculated after taking into consideration the control
mortality as described by Tattersfield and Morris (1924).

The sublethal effects on the biological functions studied are expressed as the lowest
median concentrations of the toxic material that affect activity or reaction patternse They
are called effective reaction concentrations for 50% of the sample, ia.e. t'CSO values, after
the proposition by Sprague (1969). In Table III an example of ECsy values is given for
different phases of the activity pattern observed on the swimming activity of cod, and shell-
closure ab:.llty and byssus thread formation of common musselss

From the k.nowledge‘ of such concentrations for dlff‘erent biological functions, important
for the survival of the animals from various ecological habitats, predictions of the possible
ecological consequences of pollution in the natural environments can be made.

‘Table I

Median lethal concentrations (LOgg) of some surfactants and oil dispersants for cod

LCsq (pPm)
Tested Material
’ 96 h 9% +48 h

. Surfactants:

Linear dodecylbenzenesulphonate (anionic) ‘ . 1.6 10
Nonylphenol ethoxylate 10 (nonionic) 6 5
. Tallow alcohol ethoxylate 10 (nonionic) 0e5 0,5
0il dispersants:

Fina~Sol SC R 30
BP 1100 ) \ 120 80
Corexit 7664 130

Fina-Sol OSR-2 180 130
BP 1100.- X . ’ . 700 700 -
Corexit 8666 950 - 950
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Table II

Median lethal concentrations (LC50) of some surfactants
: and oil dispersants for common mussels

LC5q (ppm)
Tested Material
- 9% n 9 4+ 48 n
Surfactants:
Linear dodecylbenzenesulphonate (anionic) 100 : 25
Nonylphenol ethoxylate 10 (nonionic) 12 10
Tallow alcohol ethoxylate 10 (nonionic) | . 50 15
0il dispersants:
Fina=Sol SC. ) 110 90
BP 1100 . . 1000 250
Corexit 7664 , : _ 1000
Fina-50l OSR-2 : ’ ) ‘ ) 700 : 700
BP 1100 X : : 700 700
Corexit 8666 - S 1000 1000
Table III

Lowest median concentrations of .gome surfactants and oil dispersants
affecting locomotory behaviour of cod, shell-cleosure and byssus activity of common mussels
: at 96 h exposure

. Concentration (ppm)
Cod Common Mussels
Tested Material .
Decreasing .
Increased - Decreased shell—- Decreasing
e o . byssus
activity activity closure activit
ability y
Surfactants;
Linear dodecylbenzene~ 0.5 Ca5
sulphonate (anionic)
Nonylphenol ethoxylate 2 4 10 : 5
10 (nonionic)
Tallow alcohol 05 045
ethoxylate 10 (nonionic)
Disgpersants:
Fina-Sol SC 26 100 2
EP 1100 40 100 500 40
Corexit 7664 : 50 100 1000 500
Fina-Sol OSR-2 140 700 110
BP '1100 X : 300 . 700 140
Corexit 8666 950 950 850 65
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6. -SOME ASPECTS OF BIOASSAY VORK

For the necessary information needed by industry and government bodies as to the
relative toxicities of new products, routine testing must be done, the purpose of which is
to produce comparatlve ranklngs of tOXlC materlals 1n standard form.

A useful standard form is the median lethal concentration, ‘the' L050 values, It must
be borne in mind that the LC50 values vary: consmderably accordlng to the test species used,
the testing technique (Continuous flow or static aquaria systems) and exposure time (24, 48,
96 h-or more). . Temperature, salinity, season, individual- condltloﬁ as well as the stage of .
the life cycle of the animals also influence the values. They should, therefore, be consi-
dered as an estimation of toxicity and, instead of being arranged in a close rank order,
the toxic materials are preferably grouped in categorles with respect to their LCsg values,
- foxr example as followss ~

.A_96—h LCs0¢ “below 1 ‘ppm (mg/l) " very toxic

4= 100 ppm toxic - T - )
100~ 1000 ppm - moderately toxic P .
1000-10000 ppm : slightlyvtoxic -

The ch01ce of the test species is of great importance as there is a great varlatlon in
susceptibility between- taxonomic groups and betveen species, ‘related generally’ to the mode
of lifey more active species being more sensitive, .as a rule, than léss active ones; neither
is the susceptlblllty of a species always the same to dlfferent materlals. It is, therefore,
preferable to use more. than one spec1es. - ' ' '

_If the results of short-term tests are transiated to the field situation at pollution,.
they may correspond to the acute effects of acc1dental pollution, often of short duratlon
“due to quick countermeasures and rapid dilution.

Predictlons of ecolog1ca1 consequences of pollutlon in aquatlc Cmarlne) environments
are made poss;ble by giving the bicassay work a biological designe Thus, several species
should be used representing different modes of life and activity, different habitats and
different taxonomic groups. The lethal toxicity is less essential than the sublethal and
chronic effects on biological functiong which are important for the surv1va1 of the animals
in their natural environment. Such effects should be studied at low conCentrations and
preferably in long-term teésts. The functions examined can be locomotory behaviour, defence
reactions or food response of adult animals and development and'hatcﬁing rates of eggs and
larvaes The lowest median concentrations which affect activity or reaction patterns, ieee
-median effective concentrations (EC50), should then be determined. -

The init1a1 effects on the behav1our of an anlmal are generally an increased activity.
The biological significance of this reaction is avoidance, is.e. flight reactions in mobile
species or other protective mechanisms in sedentary species such as shell-closure of bivalves.
Protective mechanisms seem to be especially well developed in littoral species, naturally
adapted to large variations of their environment, These reactions increase the chances of
. survival of 1nd1viduals at shorter exposure to pollutlon and may explazn the often mild
ie££ects of accidental pollution of ldmited size.

At a longer exposure, the impairment of biological functions that follows the period of
avoidance, implies a danger for the individuals as all reactions = locomotion, response to
food, defence, shell-closure, byssal activity, etc. - become weakers If this happens in the
mnatural habitat, where competition for food and space is important and where the animals are
part of aprey/predatorysystem, the most resistant species are favoured, while the more sensi-
tive gpecies find their chances of survival diminished. This exemplifies how a pollutant
present in a concentration that is sublethal for an individual isolated in an aquarium,
becomes lethal in an ecosystem, and must be horne 1n mind in the interpretation of laboratory
results when applied to the field situationse It also points to the importance of the
determination of the ecological threshold concentrations of toxicity of the pollutants
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_introduced into the sea. Xnowledge of such concentrations is necessary to determine effec-
tive limits for permissible concentrations of pollutants in controlled marine environments,

The difference in resistance of species and the successive impairment of biological
functions at prolonged exposure may explain why a constant pollution, even in low concen-
trations, is more serious for the marine fauna and flora than a limited acute pollutione
It is well known from many polluted areas (Reish, 1970) that chronic pollution changes the
composition of the marine commmities and that the biological balance becomes disturbed.
An ecological succession of animal and floral commmities takes place, which starts with
decreasing diversity as the susceptible species disappear and continues with an increasing
number of resistant species (indicator species), ending with the replacement of macro-
scopi¢ organisms by microbes.
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1. EQUIPMENT

At the Kristineberg Marine Biology Station the apparatus used for toxicity testing is
based on the continuous flow principles (Fige 1)e Sea water is introduced at the top (A),"
and distributed by the water flow system (B), described in detail by Granmo and Kollberg
(1972) . The water is dosed to the funnels (C) through nozzles (D) in the water flow system.
The test solution is distributed From special stock aquaria (G), and is dosed with the aid
of a pump (H) to the glass funnels via dosage tubes (I). In the funnels the water and the’
test material are mixed with the help of glass beads (E). The mixed solution is then
distributed in the aquaria, which are. placed at several levels (F).

After passage through the equipment, the waste water passes a flocculation unit
before discharge into the recipient,

The tubes used must be of a resistant and non-toxic material, as many compounds are
corrosive,

It is important to ensure that the circulation in the different aquaria is as good as
possible - since non-homogeneous dispersed compounds will give incorrect results. The
volume of the aquaria.shculd be chosen according to the size and number of the animals.
General rules cannot be given for the volumes, but the American Public Health Association
biotest recommendation (1965) gives 1 1/g of animals/aay as a sufficient flow, or a mlnimum
flow rate which equals the volume of water in the tank in 6 hours.

Begt results are obtained if the test unit is placed where external disturbances are
low, as the test animals, especially fish, are easily stressed, which often results in
increased sensitivity. Cylindrical vessels are preferred for fish to give them better
possibility of swimminge.

2. PREPARATION PROCEDURES

To attain the desired water flow from the dosage apparatus, choose nozzles with an
appropriate diameter. For more careful adjustments, screw the threaded tube downward or
upward depending on whether more or less water is wanted (Granmo and Kollberg, 1972). A
simple way to measure the water flow is to use a graduated glass and a stop-watch.

For'the dosage of the standard solution, two types of pumps are used, a piston pump
and a microperistaltic pump. With the piston pump it is possible to regulate the amount of
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Fige 1+ Equipment for toxicity:testing of marine organisms
according to the continous-flow system (Swedmark
et al., 1973)
Reprinted with permission from Pergamon Press Ltd.)
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standard solution by ad justing the pumpe. With the microperistaltic pump there is no
Ppossibility to correct the volume dosed. With this type of pump the standard solution is
distributed through special tubes by the pressure of a roller. By choosing different
diameters of the tubes, it is possible to obtain the concentration desired. When joining
the tubes from the pump with those from the standard solution and the dosage tubes,- :
connecting glass tubes are used. To protect to tubes against friction damages, grease is
rubbed now and .then onto the roller in the microperistaltic pump.

The follow1ng procedure is used to calculate the concentration of the standard solution
wanted-

a-l

T 000 91

or, if the tested material is not 100%_o£_the compound added
a1 -
55 2

vater flow, ml/h;n

dose amount, ml/min .
concentration wanted, ppm
percent toxic material

where a

3 o
w'moaon

. When the concentration of the standard'solutiohﬂis'detgrmined,:the'differenf concentrations
wanted in the test aquaria are easily obtained from the same expression.

-Soluble material is dissolved in diStiliéd WEter to prevent biodegradation, while
insoluble products are disgolved in: other, preferably low-toxic, solvents or the indiluted
material is used. . .

To get an idea of the materials"toxicity before startzng the test, and to facilitate
the choice of the most suitable concentration range, a pre-test could be made., This may
last for 24 hours with only a few concentrations w1th1n a wlde range. :

According to the aim of the testlng, one spec1es or a varlety'of speC1es of test animals
are chosen, Before testing, the animals must be acclimatized 'to laboratory conditions, which
usually takes .3 to 7 days. Furthermore, it is better to keep the animals in the test tanks
for one day before an experiment. From a statistical point of view, it is preferable to use
as many animals as possible in the aquaria, but, as mentioned above, the number may be limited .
for practical reasons. The distribution of the test animals in the aquaria ought to be done
at random using, for example a table of random numbers.

3. TESTING

After the start, the dosage rates of standard solution to each aquarium are checked.
For a careful control, 2-5 drops are collected from the dosage tube and the time interval
for the drops to fall is-noted. The drops -are then weighed and from this information the
concentration can be calculated: ' ' o

B*6+D
A-1oo"-c”"‘

where A = number of seconds between each drop
B = the weight of one drop.in mg
C = water flow in ml/min
D = the concéntration of the standard solution, in ppm, u51ng a pure material
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. Dosage, as well as temperature and salinity, are checked daily, oxygen content and pH
weekly.

Observations on the animals., It is important to use parameters which are easy to cbserve
and define. For example, in our laboratory, the following parameters besides death are used:

Fish: Breathing (opercular movement per minute), coughing frequency, swimming behaviour -
as phases in activity pattern (increased or impaired reactions), or equilibrium disturbances,

i.e, side to side rolling and swimming in a vertical position (nose up, tail daown), shoaling,
. etc,

Bivalves, clams: Shell closure ability and mantle-edge activity and, for common mussels,
‘also byssal activity.

Crustaceans: Swimming activity and locomotory behaviour, food response.

After death, according to the aim of the study, lengths and weights of the animals may

be measured, tissues and organs examined and samples taken and fixed for histological
examination.

~

It is important that the animals are observed often, i.e. several times a day in short-
term testing. Fixed observation times are preferable, as it is easier afterward to compare
the different test results. Observations and calculations are more easily made if data
charts, ready to fill up, are prepared before the test. After 96 h exposure the pump is
stopped and the test continues another 48 h in clean sea water.

4+ GALCULATIONS

4.1 Mortality (lethality)
i
j Note the times from the start of the experiment will death occurs for the individuals
‘in each tank. Then, a percentage/time diagram is established as in Fig. 2. The time scale
-on the abscissa-axis can as well be a linear one, but in most cases it is preferable to use
.a logarithmic scale. In the diagram the time to death (survival time) is plotted in a
cumulative way for each test cohcentration. When drawing the curves the points form a
. straight line (Fig. 2a) or a sigmoid one '(Fige 2b).

Mortality may occur in the control tanks, and is then taken into account by using,
for example, the expression of Tatterfield and Morris (1924):

(y - Zz * 100

X=""% -z
where X = calculated lethality in the concentration, in percent
Y = real lethality in the concentration, in percent
Z = lethality in the control, in percent

When the mortality curves for all the concentrations are established, the time (for
each concentration) at which 50 percent of the animals are dead (LTsg) can be read off.
Xnowing this, the tlme/concentratlon relationship, i.e, the toxicity curve, can be drawn
as in Fig. 3. Plot on a double logarithmic diagram your LTsq values for each concentration
and draw the toxicity curve. To obtain the 96-h 1C50 value, check on the curve the concen-
tration for 96-h exposure.

Statistical treatment of the lCg5p values obtained is preferable. The methods of
Litchfield and Wilcoxom (1943) or Finney (1952) can be used.
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4.2 Biological effects

Figh: Make tables of diagrams for coughing frequency, copercular movements, swimming
activity, etc. . ,

Bivalves: Byssal activity and shell closure ability can be noted as in Table I.
Crustaceans: Make tables or diagram for swimming activity, etc.
Table I

Number of common mussels with the ability to form new byssus threads
after 96-h exposure and subsequent immersion in clean sea water (10 test animals)

Engézzirzime Concent?ation (ppm) control
, 450 320 174 115 60
22 3/10 4/10 s/i0 /10 8/10 9/10
43 0/10 5/10 .6/10 8/10 8/170 | 9/10
65 10/10 2/10 2/10 6/10 8/10 9/10
93 0/10 1/10 3/10 5/10 7/10 10/10
117 4/10 6/10 " 10/10 10/10 . 10/1'0 10/10
137 6/9 9/10 10/10 1070 | 90 | 10/10
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1. LABORATORY INVESTIGATIONS

The purpose of these 1nvestigations is to test- the toxic effect. of new chemical
compounds and, to a certain extent also, to check different types of polluted water from
industries and communities. .The technique. ‘for acute’ toxicity studies is rather simple,
using glass aquaria and fish, fingerlings of Salmo salar:or Salmo gairdneri. The investi-
gations are usually carried out ag¢ short-term tests, over five days. The result is expressed
as the median lethal concentration, LC values, The physico-chemical qualities of the
water are registered continuously or controlled with repeated sampling (temperature,. pH,
specific conductivity, oxygen gcontent, etc.) .

, The effect of toxic compounds on the hatching of fish eggs and the early development
of young fish is studied on cichlids, mostly of the species Cichlasoma biocellatum or
Aequidens. latifrons (Hasselrot, 1956). These species have been shown to be 'normally”
sensitive to toxicants and they produce 500-1000 transparent eggs at each spawning. The
‘eggs are deposited on plastic plates which are then transferred to small glass aquaria
containing 100 ml of a test solution. The larvae hatch after 3~4 days at a water tempera-
ture of 25-26°C. The effect of the tested compound can be observed at the different stages
of development from egg to free-swimmning fish. :

The avoidance reoction of fish, mostly youﬁg'salmon, in the presence of a water
pollutant is studied in a "fluviarium" (H¥glund, 1961)s In this apparatusa fish is able to
choose between different concentrations of a tested compound - if the fish is sensitive to
it. . .

2. FIELD INVESTIGNTIONS

To study the effect of water pollution on fish, caged specimens have been stationed in
lakes, water courses and coastal waters (Hasselrot, 1964, 1965). The purpose has been to
- follow the effect of a known discharge or to trace an unknown one at fixed positions in a
- recipient over a certain time. e
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2.1 Equipment

Two types of round cages have been used. Both are covered with nylon netting without
knots (to avoid injury to the fish by friction) and fitted with rings, mostly of stainless
steel, One type of cage has rings 35 cm in diameter, the other 45 cm diameter. The cages
are kept in position by means of sinkers, lines and plastic floats.

2.2 Test gnimals

Fish. For studies of the toxicological effects and the direct intake of compounds by
the fish from the surrounding waters, one year old.salmon fry are used in fresh waters. In
coastal waters, from the area of ﬁresund, young rainbow trout have been used instead, because
- of the higher salinity., To study smell and taste-impairing substances, and alsc intake of
" metals, older specimens of both species have been used. Salmon and rainbow trout are used
generally because of the convenience in having a uniform fish material from piscicultures
all year round.

Other test organisms, Since 1972 bivalves have also been used for uptake studies in
cages: Anodonta cygnea in fresh waters and Mytilus edulis and Macoma baltica in coastal
waters. .

To study the concentration of compounds in epiphytes, the laboratory uses a wooden
construction consisting of a strip with plates in horizontal and vertical position, connected
with a cord to the surface cage at each station.

2.3 Procedure/

First, the distribution in the recipient of the effluent from a known source of pollution
ig determined, The caged fish are then placed in positions estimated to be most representa-
tive for the effect of the effluent on the recipient. In each cage of the small type, 30-40
one-year old fry are placed, and, in the larger type, 10-15 two=year old fish. The duration
of the investigation varies from five days (for studies on toxicity, taste and smell impair-
ing effects) to one month (for studies on the accumulation of mercury and other heavy metals) .
The condition of the fish during exposition time is observed and, if possible, various tests
are made to check any physico-chemical alterations in the environment of the cages.

At the end of the investigation time the fishes are frozen and taken to the laboratory
for analysis of accumulated substances, or to the National Swedish Institute of Public Health
for an odour and taste test (organoleptic test)., The scale for this test ranges from 1 to 5,
where 1 means a fish with a very bad smell and taste, and 5 is an unaffected fish.

Bivalves and samples of epiphytes are also sent to the laboratory for analysis of
accumulated substances.

2.4 Results °

The reports which follow are given to provide a more concrete presentation of the
applicability of the cage investigations as a means of following known sources of vater
pollution or of tracing an unknown one.

2441 Known sources .

Kraft pulp mills. FrWvifors Bruk, Frivi. This mill had an annual production of 55 000 t
of 90 percent pulp, which was used exclusively for paper making. Steps taken by the mill to
prevent water pollution included a well developed fibre recovery system and a scrubber tower
Ffor collecting the noxious and evil-smelling sulphuric substances in the digester and evapo-
rator condensates. Before the outlet the waste water passes a big dam. The factory is
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situated at a river, Barsan, with a discharge of 3-30 m%/s. The river ends in a rather
shallow lake Varingen, which is about 7 km-in length.

An investigation of the odour .of the water before the exposure of fish in net cages
in March 1962 showed that the sulphate waste water was concentrated in the part of the
lake between the mouth of the receiving river and the outlet river of the lake (Fig. 1).
The waste water was also more concentrated in the deeper' layers of the lake. There was
a total lack of oxygen below a water depth of 4 ms Only in the upper water layer was the
oxygen content sufficient for fish life. The caged fishes were therefore placed only at
1 m levels., The mortality of the exposed salmon fry was total by the end of the exposure
time, from Station 2 .to Station 5, 6 km downstream from the outlet of the factory (Fig. 2).
Also the organoleptical test (made on perch) gave very bad values for the same row of
stations and the values were low also at Stations' 11 and 12 in the outlet river at a

distance of about 10 km from the factory. . S

In the other part of the lake, outside the current of the polluting river (Stations
6-10) no effect was 'shown on the £ish.

As can be seen in Fige 2 the concentration of sulphate waste water in the northern
part can also be traced in the raised values in the physico-chemical analyses of the
waterA(colour, permanganate consumption, conductivity, contents of sulphate and sodiuno.
The mortality among the salmon fry at Stations 2-5 may especially be explained by the
presence of recin acids in the water.

Ltvholmens bruk, PiteS. The annual production of this mill in 1965 was 150 000 tons 90

percent pulp. Steps taken by the mill to prevent vater pollution were similar to those
‘taken above. The waste water vas led into a bay of the Baltic by a tube 1.6 km in length.
This investigatlon was also carried out during late winter, when the influence of the waste
water on the surrounding water is greatest because for a long time the water has been
isolated by ice and snow from the oxidation effect of the air.

An investigation before the exposure of the fish cages showed that the water in the
Baltic had an cdour from the waste water even at a distance of 9 km from the mouth of the ;
outlet tube (Station 9b) (Fig. 3). The waste water spread mainly to the south and the
odour of the water was usually strongest at a depth of 3-4 m. In the sound between the
two islands opposite to the tube, the waste water was conocentrated to the surface layers. |
The test fish was one-year old (2-4 g) to two-year old (30-40 g) salmon. Mortality (100%)
occurred only at Station 2 at a depth of 4 m. The organoleptical test on the fish
showed low, bad values not only at Stations 2 and 3 near the, tube mouth, but also at
Stations 4 and 9 and as far south as Station 10, at a distance of 12 km from the tube
mouth., The lowest values in both odour and taste were registered for fish from cages at a
depth of 3 m. The values obtained from physico-chemical analyses of the environment
around the cages can neither be placed in relationship to the effects produced on the
figh, nor used to detect the presence of sulphate waste water.

It can be establisghed that the use of direct cage tests in recipients can give a
reliable tonception of the effects on the fish of discharging waste water from a certain
sulphate mill. The cage tests can also serve as a very sensitive method to indicate the
presence of sulphate waste water. In this respect the test results from sea investigations
suggest these methods are far superior to the physico-chemical examination techniques in
current use, .

Mercury-discharging industries. Outlets of waste water containing organic or inorganic
mercury compounds have caused significant increases of the mercury content in the exposed
fish. This has been the case also when no increase of mercury has been observed either in
water or in bottom sediment. An example of the latter are the cage investigations in the
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Fige 1. Lake Viringen with sampling stations downstréam from Frovifors
' bruk ' .
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river GYta #lv downstream from the wood pulp mill in Gbta (Fige 4). In the autum of 1%7,
the vaste water from this plant caused an increase of mercury in the river fish to 830 ng/g
or 8.8 times the basic value in the hatchery after the month of exposure. The mercury
content in water and in sediment of the same station showed no significant increase. The
investigations with cages in the river Gvta ¥lv are a good example of how, by using this
sensitive technique in a water course with a very great discharge (mean discharge = 500 m /%),
one can observe the presence and the strength of a discharge of mercury, check the effects
of taken measures, etc. The series of analysed values from the nearest station upstream,
the chlorine alkali plant EKA in Bohus, down to the station of Alelyckan (the intake of water
for the city of Gothenburg) is a revealing picture of the extension of mercury emission to
the vater from this industry. As‘a result of measures taken at the plant, the conceéntration
. in the caged fish decreased progressively from 1967 to 1970.

Exposure of fish in cages has been done every year as a routine check, and that is
how a sudden, increased mercury emission in 1971 and 1972 was observed (Fig. 4). New
efforts have been made to reduce this registered discharge of mercury.

The highest increase of mercury in liver of one-year salmon exposed for one month,
56 times the basic value in the fish hatchery, is noted downstream from a big wood-pulp
mill situated at the river Ume #lv, with a mean water discharge of 200-300 m3/s.

2+4+2 Unknown sources

In the beginning of February 1962, an abnormally high mortality in young salmon was
observed in a fish hatchery supplied with water from the river Daldlven. At this spot the
river has a mean water discharge of 215 m3/§ during winter and 350 m3/§ for the whole year.,
It was established that the mortality was caused by a marked anaemia of the fish. Hemato-
crit values of 5-10 percent (normally about 40 percent) were observed in these fish.
Investigations on fish caught in the river itself from March to May showed that the anaemia
vas limited to the river downstream from Avesta, a highly industrialized town 26 km
upstream from this fish hatchery. Even in similar piscicultural establishments at. the
mouth of the river, 100 km downstream from Avesta, fish taken within a month's interval
demonstrated very low hematocrit values. The anaemia gradually ceased at the end of April
and the beginning of May. .

The primary cause of the fish anaemia could not be disclosed before the water temper-
ature again dropped in late autum. Net cages with young salmon were then put into the
river at many places to ascertain the origin of the anaemia causing agent, which proved
to be waste water from a yellow phosphorous producing factory in Avesta. Agquaria tests
with waste water from a settling tank in this factory, containing about 0.1 mg P/i, gave
within two days a descent in hematocrit values in young salmon from 50 to 11 percent.
Still lower concentrations gave low hematocrit values within two weeks. The water
temperature was only 1-2°C. When the temperature was raised to 10°C, the hematocrit
values increased again.

Other aquaria tests with yellow phosphorous in colloidal form added to water, partly
from the river Daldlven upstream from Avesta, partly from the lLake Milaren, gave the same
decreasing effect on the hematocrit values of the test fish.- In such a way it has
finally been proved that no other agent than yellow phosphorous in the water from the
river Dalilven was responsible for the fish anaemias. In the river Dalilven the effective
concentration of yellow phosphorous at low water temperatures must have been very small,
probably far below ppb. ' We can thus conclude that the use of caged fish was the only way
to solve the problem. The physico-chemical methods in current use for water analyses were
not specific and sensitive enough to be of any use.
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Fig. 3. Sampling stations in the. archipelago outside L®vholmens bruk
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After these surveys thelfactory in question started to treat the waste water more
effectively, e.g., secondary precipitation{with milk of lime., Since then no abnormal
hematocrit values have been found either in salmon in the fish hatcheries or in caged

_ salmon in the river itself. For safety, there are still (1973) some control fish cages

situated in. the river Just downstream from the outlet of the factory.

In 1962 tlus dangerous effect of yellow phosphorous was qu:.te um:nown The result '
of the 1nvest1gation was first given in 1963 in an official report to the authorities
.concerned, then in a short report to-an. OECD Confererce in Paris in 1964, In 1970, the
same effect of yellow pliosphordus on marine fish and crustaceans ‘was reported from
. Placentia Bay, Newfoundland (Jangaard, 1970, Zitko et al., 1970, . Anon, 1970)

24443 Complementary znvestigatlons '

To check how far out in the sea the smell— and taste—lmpaxrlng effect of, - for instance,
sulphate vaste water oh free-swimming fish could possibly reach, some . complementary invest-
igations were done. 1In one case about 5 000 specimens of one very important local commer-
cial species, vendace, Coregonus albula L., were tagged and put into the Baltic near the
mouth of the outlet tube from the kraft pulp mill, LBvholmens bruk. The intention was to
follow how far from the tube the polluted fish had swum in a fortnight, which was 30-40 km.
A fortnight is a minimum time for a polluted fish to expel .the bad smell and taste from
its flesh. : L .

Kyrksjvn, belonging to the water system of the river Delgngersgn, is a lake in Sweden
containing the most mercury contaminated fish.  Here there has also been tagging of fish as
_a complement to the cage investigations in the lake. On recapture in 1970, in 17 out of
400 tagged pike which had been moved from Dellensjbn (an unpolluted upstream lake) to
Xyrksjtn the year before, very much ‘increased mercury content ‘could be analysed in muscle
tissues 1.3-6.3 mg/kg with a mean value of 2.7 mg/kg, compared to a basic value of about
0. 5 mg/ig in pike from Dellensjbn’ (1 mq/kg in fish flesh is the blacklisting value in Sweden)
However, more than a thousand salmon.fry that had been exposed in cages showed no difference
in mercury value between the stations in Kyrksjvn and Dellensjvn. As the cage investigations
give a measure of the direct intake by the fish of mercury from the water environment, the
_food eaten by the wild £ish was undoubtedly of decigive importance for the concentration
of merc?ry in the fish (the industrial mercury di scharge was stopped at the turn of the year
1965-66 .

3. INVESTIGATIONS AT INDUSTRIES AND WASTE VATER. TREATMENT PLANTS

. 3.1 ndustry

v Investigatzons vere made in order to find out what types. of waste water within a
factory caused the greatest effect on the smell and taste of the fish.

3+1.1" Methodology .

COntainera with 30 test fish each (mostly two-year old salmon) were connected directly ‘
to the waste water in question using different dilution degrees. The apparatus Punctioned
according to the continuous water flow principle. Certain chemical compounds could be
‘added to the apparatus, instead of the industrial waste water, in order to.find out the
.affect that compound had on the fish. Each container'waSCY1indrical and made of stainless
steel, 70 cm high and 40 cm in diameter. In order to have good water circulation, the
horizontal inflow was in the periphery and the outflow in the centre of the bottom. The
" waste water was pumped first to a speclal container for mixture and adjustment of the water.
The time of the investigations vag 5. 10,. 15, and 20 days. -

.



The organoleptical test on the fish was made by the test group at the National Swedish
Institute of Public Health.,

3.1.2 Results

LYvholmens bruk, 1966. To get rid of the smell- and taste-impairing effect on figh,

‘'the main discharge from the factory after purification had to be diluted about 1 000 times

(see 2.4.1) The uptake of the smell- and taste-impairing compounds was greatest during
the first five days. The additional accumulation during the following ten days was only
slight. The elimination of these compounds from the "fish flesh was also greatest during
the first five days. It took, however, a fortnight in clean water for a fish with low

‘organcleptical test values to become satisfactory in this respect. Among the pure

chemicals it can be said that methylmercaptan was lethal for the fish in a dilution of

1 ¢ 5000 000, In a dilution of 1 : 10 000 000 the fish remained alive without any
influence on the smell and taste. Dimethyldisulphide {the threshold dilution about

1 : 7 500 000) gave a much stronger, bad effect than dimethylmonosulphide on the smell and
‘“taste of the fish flesh.

j These results have been of great use for the future plans concerning the improvements

in measures taken for the purposes of water protection at that factory»

It can be mentioned that such container tests with fish at another sulphate mill,
Gruvbns Pappersbruk, 1963, have shown that the waste water, after finally passing through

,an activated sludge tank, has practically no adverse effect on the smell and taste of the

Fishe.

At a cellulose factory, Fiskeby bruk, fish in containers have also been used conti-
nuously since 1965 as control organisms agalnst sudden appearances of poisonous compounds
in the waste water.

A biotest establishment has been in use in Sweden since 1971 at Astra, Stdertilje
(mglund, 1972). This industry makes pharmacological products. There have been inspections
several times a day to study the condition of the fish., If this is bad, water samples are
taken for analysis with an automatic sampler, which is conmnected to the same water that
passes through the containers. This method has been successful in finding the sources of
sudden toxic effects in the waste water.

At a mechanical pulp mill, Bowaters Svenska Trimassefabriks AB, Umea, in 1966, and the
¢hlorine alkali plant EKA AB, Bohus, in 1967, young salmon were also xept in containers
(about 30 specimens in each), which for a month were continuously connected to the outlets
of waste water of different dilutions. The mercury content of the fish usually increased
in the containers with waste water. This could most clearly be seen in the Bowater case,
where a mixture of 1 percent industrial waste wvater and 99 percent water from the river
caused, in spite of the low winter water temperatures (0.5-0.89C), an increase of mercury
in the liver to 460 ng/g, which is 2.4 times the basic value in the fish hatchery. The
result from the container test at EKA was a little more doubtful. The reason for this was
the very wneven mercury content in the waste water. Mercury could, for example, suddenly
occur as drops of metallic mercury, a form in which mercury cannot be taken up in fish.

3.2 Wwaste water treatment plants

In Gothenburg's waste water treatment plant at Rya, a biocassay establishment for fish
has just been set up to control the treated waste water before its release to the receiving
body of water. This establishment has been arranged under the management of the Research
Laboratory belonging to the National Swedish Environment Protection Board in Cooperation
with hydrotechnical experts from the Water Treatment Works of Gothemburg.
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The establighment consists of two parts., One part is intended for a study of the
concentration in fish of heavy metals and biocides. This consists of four cylindrical
container of the type described above for the control of outgoing industrial waste water,
but these containers are wider and lower. One container is filled with dechlorinated tap
water, while the other three have different degrees of waste water dilution (1:1, 1:2 and
1 4) and are continuously connected with the main sewer. There are always in each
container 31 two-year old rainbow trouts, which, after exposure for 14 days, are taken
up and frozen for sample preparation. The other part of the establishment is an acute-
toxic part where the trail fish's inability to swim in a water stream in the presence of .

a poisonous substance is registered, The water speed (5-15 cm/b) is adjusted by an .
electrical motor with a rotary propeller. The establishment is connected with the waste
water in dilution 1:1. An affected fish is carried backwards by the water flow in the
apparatus and is finally registered by photocells at the back.of the exper1ment container.

To prevent accidental registratlon ‘of ‘a-healthy fish,-there-is a region of strong
light which repulses uninfluenced fish. For the same purpose the speed of the water flow
is accelerated by a bottom plate, which rises towards the end of the experiment space.

There are also front photocells which produce an electron flash when the fish passes. The '
acute-toxic establishment has partly beén made with models from West Germany, Switzerland
and France (Juhnke and Besch, 1971; Zahner—Schnezder, personal commun1Catxon, Leynaud-
Barbier, personal communicatlon).

By this method the presence of a'poisonous substance can be registered much earlier
- than with the currently used apparatus, which.is based on the death of fish as indicator,
and action can be taken at an earlier stage to prevent fish death in the receiving body of
water.
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1+  INTRODOCTION

The comservation of natural resodroea, maintaining both the quality of the enviromment
and ite living resources, depends to a great extent on man's ability to manage them and to
set up and enforce regulations in the best long=term interest. Unrestrained exploitation of
$he living resources may yield short-term benefiie but in the long run is potentially disastrous.

~ This Course deals with pollution as it relates to the living aquatioc resources, and with .
regard to these resources, the above statement has been proven true by the faot that umcon= ~ =
trolled fishery activities have led, in some regiona, to overfishing and to the reduction or
even the loss of certain species. Regional fisheries bodies have been established to discusa
scientific research and regulations needed to overcome such diffioultiess

Similar to unresirained exploitation, the unconirolled release of waste through rivers
and outlets from municipal and industrial plants, as well as through dumping from ships and
"airoraft, may lead to ecological disturbances. In addition, it oan be a risk to man's
health through the ingestion of freshwater and marine food products.

Therefors, mom.toring systems have to be established ained at defining the health of
the aquatic environment and the level of contaminants in the various organisms, especially
in species of commercial interest. Theay should also determine possible trends in order to
develop, if necessary, a warning system related to pre-set oriteria or toleranoe limits for
ontlca.l pollutaata.

From the begmning, it should bhe pointed ont, however, that strong efforts are still
needed in research to emsure that decisions about monitoring and standards, oritera and
tolerance limits needed in this connexion are made on a real scientific basis. Until these
data are available,judgements have ofien to be made on the basis of our present knowledge

. and from results of sometimes inadequate surveys made as investigations forisiting of outfalls
or dumping into the au, making at the same tine use of a good deal of common sense.
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Monitoring, in such cases, has to be started with ‘the specific goal fo control the fate of
the waste in the environment in order to act immediately in ocase the bagic considerations for
releasing the w;u’te are proven wrong. ,

2. - CONCEPT O!' AN IH'I.‘B}RATED MRINE POLLUTIOH IJHI‘IDRm PROGRANME -

' The concept for an integrated ma.rine ponutxon mom.tormg aystem is represented in Fig. 1. -
- It consists of four main parts; P ,
» The network of stations
Elements of national _programmes .
. Elements of regional programmes
Elements of worldwide progrmes

2.1 The notwogk gf stat;,ou

'The network of atationl lutod on the top of Fxg. 1 foms the ba.sis for the national and
rogionl.l monitoring progrmes. '

a0 o

@

_ A relatively dence notwork of "i.mpact stations" hu to be established in areas where the
introduction of pollutants is considerable, such as estuaries, industrial oentres or conoen—

trations of population at the coastline with sewage discharge and waste water outlets, and

espooio.lly in areas where the effects of . pollutants are likely to be particularly harmful

to living reoouroea, e.g., in ma.jor fishing a.rou in and near the coasta.l ~zone. ’

On 'the oontrary, in areas distant from the direct i.ntrodnction of pollutanta only a feu
wreference stations” may be needed to ensure that a rise in the degree -of pollution in these
areas is not overlooked and to show the- trend for growing. pollution in'due time so that
measures can be taken to avoid further input of pollution. Ocean wea.ther ships, mid-ocean
.island stations a.nd fixed bnoya in ooea.nic a.reas at high 1aﬁtudes may serve as referenoe
stationa.. .

ktomive and deta:llod monitoring of either natural or m-mde a.ooidental cventa,
@+g., hurricane floods, tsunamis, big oil-well seepages or tauker. accidents, should also
be orgénized as part of national and regiomal monitoring programmes as they can provide
- valuable and unique infomtion on_ the roaponso of natural systals to the strong impaot of
ponutantl. ‘ : .

2.2 Elenonts of national grogames

Ro-oaroh is one of the most inporta.nt elqnontn in oonnenon with monitonng pro;rmes.
This has been stressed by many working. parties uorkahops, seminars, eto., which have been
convened, sspecially during the last five years, e.g., in the U.S.A.. as part of the Inter-

"~ national Decade of Ocean Bxploration (IIK)E) ‘or panels sponsered by the National Aocademy of
Solences or the National Oceanioc and Atmospherioc Administration (NOAA) (IDOE, 1972; National
Academy of Sciences, 1971; Goldberg, 1972) in the United Kingdom (Cole, 1971), and the Federal
Republic of Germany (Kinne and Aurich, 1968). On the international level, the Joint Group

of Experts on the Scientific Aspects of Marine Pollution (GESAMP) and the Food and Agriculture
Orgaui sation (FAO), supported by some other international bodies (UNESCO, IAEA, SCOR, WD),
have mainly. promoted the discussion on research needed in oonnu:ion with monitoring marine
pollution (nco/uo/unmo/um/am/nn/ul, 1971; FAO, 1971) :

‘The Tesearch on a. ut:.onal level has to be rolated to muh problau as establishing
~ “maxinum permissible levels” (i.e., accepted level of a pollutant in an organism or in a
pulation or resource to be protected from a specifio risk) and "derived working levels"
g.o., maximum acceptable level of a pollutant in specified media designed to amsure that
under specified oircumstances a primary proteotion standard is not exceeded), and figures
_which would be needed for the definition of water quahty criteria valid in the va.rious
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coastal zones. However, there are also research needs in connexion with the standardization

. .of snalytical methods for the main pollutants in fresh water and marine enviromments of the
countries; laboratories should also make Birong efforts aimed at monitoring biological para~
meters., So far, monitoring im mostly directed to detecting physical and chemioal changes in
‘the natural environment with the underlying philosophy that by measuring parameters that are
easy to measure one hag taken a shortcut to measuring the health of the mea and its living
regources and, thus, biological changes whioh may be accompanied with them. In fact, such

8 presupposition needs more profound and detailed lmovledgu of the relation hetween environment
and living orga.nisns than we ha.va.

.On the other hand,; direct biologica.l nonitoring, 8.8., through using indicator species,
or making ecological surveys, camnot be used until fundamental ecological research provides
a firm bagis so that disturbances dwe to pollution can definitely be distinguished frou natural
population fluotuations in various marine communiiies.

: hnally, services are included in Pig. 1 as an integral part of na,tzonal progrmes. '
They will coordinate the monitoring efforts on a national level, act.as counterparts for other
national services within the framework of regional monitoring systems, and provide facilities
for storage and retrieval of the data. on oontmmntl in the tnvirommt and in the living
aquatic resources. . .

zaw* | .

Regional programmes ure the uecond step with:ln a concept of an intogrl.ted marine pollnt:.on
nonitoring progrmo. , . ‘

In many cases, regional programmes are nesded to complets the efforts made on the national
level bsoause pollutants introduced at the coastline of one country may be spread, through
" ourrents, dispersion and mixing prooésses, into adjoining coastal waters or into the open sea
where fishing grounds may bo used hy various fishing fleets.

Elements of these programmes are given in Pig. 1. As far as Tesgurch and services are
concerned, the problems are similar to those already dealt with under nationsl programmes.
To understand what is meant by intercomparison and regional laboratories, the setiing up of
& regional programme for the North Sea may be taken as an example. '

The countries bordering this area undertook — within the framework of the International
Council for the Exploration of the Sea (ICES) = a one year baseline study to determine the
level of contaminants in the living resources of commercial importance, and after that time.
thay decided to continue to coordinate their national monitoring programmes through ICES.
Problems which came up during their cooperation were the :I.nterconpa.riaon of remﬂta and
anuabnmr of laboratories. (ICES, 1974).

Although all partioip&ting couniries dispose of very well dmloped oceanogrtphio and
fisheries research institutes which should be able. to perform the analyses needed in the
mouitoring programme, they had to limit the programme to the most important pollutants and
to a small number of samples dus to the lack of persommel. MNFurthermore, results of the
intercomparison - using standard samples for the various contaminants - showed that, in the
begizming, there were signifiocant dirfmn, and cfforta had to be made to make the resultis
of ml;us coaparabl e.

: Nore severe diffioultios of this kind may . ari-o 11‘ regional monitoring programmes are
envisaged in developing countries as the lack of trained persomnel and adequate instrumentation
will be more grave. For that reason, the eatablishment of regional laboratories for aquatio
pollution research and monitoring will be an important slement for the axecution of regional
monitoring progremmes. These laboratories have to be well equipped with the sophisticated
instrumentation needed and sufficiently staffed with well trained soieatisis and laboratory
asgistanis in order to take responsibility for all the -.m]y-u which have to be made as

part of the specifio regional progreammes.
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2.4 Elements of yorldwide programmes

Moni toring programmes with a worldwide scope will depend — as it is indiocated in Fig. 1 -
on the development of national and regional programmes. Only with the experience gained in
national and regional laboratories and with the aid of their well educated and 8killed person-
nel will it be poss:.ble to establish systems on a global gcale.

Progrmes of this kind are enviaaged by the Long-term and Expanded Programme of Oceanic
Exploration and Research (LEPOR) and, as a major part of LEPOR, in particular by the Global
Investigation on Pollution in the Marine Enviromment (GIPME). Both programmes are being pro-
moted by the Intergovermmental Oceanographioc Commission (I0C), which acts as a special joint
mechaniem of various agencies, including FAO, cooperating through the Inter-3eoretariat
Committee on Scientific Programmes relating to Oceanography (ICSPRO). :

The machinery developed by IOC for oceanographioc observations and environmental monitoring
is the Integrated Global Ocean Station System (IG0S§)(I0C, 1971) (see Pige. 1). IGOSS has alsoc
‘been designated as the suitsble frame for establishing a worldwide marine pollution monitoring
system. Plans have already been developed to siart a pilot project aimed at monitoring petro-
leum hydrocarbons, tar balls and oil sliocks in the North Atlantic Ocean and adjacent seas,
as well as along the main tsnker route from the Persian Gulf through the Indian Ocean and
_around the Cape of Good Hope to Europe. This pilot project became operational on 1 January
1975 and will continue for two years as approved by the General Assembly of IOC in November
1973. Nonitoring will be based on observations and sampling made from voluntary observing -
ships, ocean weather ships, research vessels and suitable offshore platforms, as well as on
observations from -airoraft and satellites. Working groups will be established to define the
methods for sampling and analyses, and to deal with standardized methods for reporting,
d;ssemin&t:.on, exchange and a.rch:.nng of data resulting fron the: pa-ogeot.

With a view to the quickly growing mumber of data on pollnta.nta in the aquatic enviromment
and in, organisms which will result from monitoring programmes at all levels, the archiving of
data in a suitable worldwide storage and retrieval system has to be organized very ocarefully.
This is the task of the IOC Working Group on International Oceanographic Data Exchange.

(I0DE) in cooperation with the responsible world and national data centres belonging to the
International Oceanographic Data Exohange System (I0C, 1967).

As part of the system the FAO Fishery Data Centre acts as a specialized permanent data
centre aimed at collecting and maintaining fisheries data, including data of contaminanis
in living aquatic resources. An inquiry has already been started in order to get the infor-
mation needed on institutes which, on'a routine basis or as part of special research pro-
grammes, are analysing contaminants in aquatic organisms. As a first step, the Pishery
Data Centre already compiled a directory of these institutions in order to facilitate
the exchange of resulis and views between scientists working in this field. As a final
step, it is envisaged to publish an inventory of data on contaminants in living resources,
espeoially in commercially important fish, available at the relevant institutes in the
world (FAO. 19743 1976)

3. EXISTING MONITORING ACTIVITIES

Monitoring programmes have already been developed at all levels, i.e., on & national,
regional and worldwide basis. In principle, we have not only to take into consideration
such programues whioh are dealing directly with pellutanis but we hive to realize that
monitoring emvirommental, i.e., physical, chemical and biological parameters is required
in order to estimate the rate of input of pollutants to the marine envirorment as a whole,
and ‘their rate of exchange between various water masses and ocean basins, as well as between
different phases, such as solution, suspension and biota. MNonitoring these parameters may
also become important in relation to observed ohanges in the scosystem ascribed to pollution
but only if, as has already been pointed out earlier, the long-term natural and cyolio
changes in the ocean are sufficiently known.
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3.1 Iational gnigrig programm

ﬂhble I gives a review of mtiona.l monitormg programea based on scientific pnblzcatzons,
in particular, on sumparies published by the Smithsonian Imstitution {1970) and more recently,
in Nay 1973, by the Intergovernmmental Oceanggraphic Commission as a result of an inqu:.r.y to
‘member etatea of I0C a‘bout their nationa.l mnitoring a.otivities (IOG, 1973).

Al though one can assuwme that the ta‘ble ocontains information a'bout the bulk of activities .
in this field, the review i.s most likely incompleta and’ both corrections and amendments will
be needed. S _ :

The first three columns . of 'I'able I infom about environmental pa.rameters and pollutants
. monitored hy national programmes, the last iwo columns give some details rela.tad to sampling
-8tations and analyti.oal methods used for marine pollution mmtoring. :

. The ta.ble oonta.i.ns d.a.ta. fron 63 countrieu, and . although there seeus to be no need for a
specific discussion of' its contents, it should be stressed that the number of activities is
surprisingly h:i.gh, also vith regard to the annlyses of pollutants from aamplea at fea. '

In case the aciontiﬁo oomunity was able to correctly compare the information available
through these activities and to interpret them accordingly, our understanding of the pathways
by which the contaminants are distiributed, both before and after they are deposited in the
. ocean,imay he facilitated. This could also lead us a step forward in prond.:.ng & long-term
account of the acoumulation of chemical contaminants in the marine enviromment which, in
particular, is envisaged by a strategy for a national programme developed recently in the
UeSeds. (Goldberg, 1972)e I ehould alsc like to refer in this commexion to the scientific
results obiained within the framework of the already mentioned ICES monitoring activities in
the North Sea, e.g., Preston (1973), ICES (1974) .

Before we go on %0 oconsider ensting Tegional or worldwide monitoring systems I ahould
‘like now to leave these general considerations on existing programmeés and to deal with one
specific example of a pesticide monitoring programme in order to demomstrate the carefulness’
which has to be given to such activities at all stages, i.e., dunng the preparatory and
oparational phne and for the evaluation of data.

The progru_ne had been deveflope,d"by the U.S. National Marine Fisheries Service in order
to assess the subtle harmful changes in the marine enviromment and its living resources which
result from the accidental or intentional trmsport of pesticides into the estuaries along the
whole U.S.4. coastline (Butler, 1969).

Proceed:.ng’ on the assumption that. pestioide pollution in estuaries would be intem:.ttent,
depending on the seasonal use of pesticides, and that there would only be very low concen-
trations in the water mass, automated sensing devices could not be used. A suitable bioassay
technique was selected on the basis of available studies on the ecology and management of the
eastern oysta:r, Grusostren yirginioca.

'J:rpiou.lly, a -a'hu-e oyster is feeding 90 parcent of the time and tra.usports about 16 1
of water an hour through its gill system to extiract the plarktonic food. The oyster is physio-
logiocally astive the entire year throughout much of its. extemsive geographioa.l range. loat
important, it is sedentary and easily hand]ed.

'nu'ough suitable experiments it could be shown that oystm remove and store chlori.mtod
hydrooarbon pesticides present in the surrounding water at concentrations as low as O.1 .
microgrammes per litre. Oysters ocontimue to mild up such residues in their tissues at
uniform rates as long as the toxicant is present, %This biological accumulation may prodnce
DDT residues, for example, 70 000 times as high as the DDT concentration in the surrounding
waters ‘Further, it is an important faot that the oyster flushes these residues out of its
tissues at a uniform rate when the water supply is no longer contaminated. By sampling an

oyster population regularly, it is possible to determine when the water supply beoomes oontami-
nated and when the contamination stops.
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Table 1

National Monitoring Programmes

MARIEE ENVIRONMENT?

vrouuﬂm (RIVER)

SANPLING STATION
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> Ry B
pef.pse BlE % & O
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o 3 3 ‘*EHEE“> I+ o n.-?gﬁ w
. o 3 3 20 adhda & Boghgyg B
. & Ly Ly G i858,y 65044 g8
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Arab. Rep. Egypt XXX x x .
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Austral ia XXIxx xXx XIXXXIXXXX xXXxXTxXXX X
Belgium XX X XX X xXX X x Sophistioated IXX XX
. oquipment
Brasil TxTX XX
Bulgaria XXXTX XX ZXXY XIX Sophisticated x
equipaent
Canada XTXXXXIXXXX | XXYXIXXIX XIXXYXXTXX X XXX XX X IXXXxx x
Chile XXXrxxxzx x x .
Colombia XXXX x
Congo (Bras.) XTXXXx IXXX
Costa Rica xx xx
Cuba No information x xTxx
Denmark xXXxXx IXXX| X rx x xx
Ecuador z2YXYX X x x xXrxx
El Salvador X x rrx IxX
Finl and XXXXXXXIXX X XXIXX XXXX Sophisticated X Xx XX
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France XXXXXXXXX XXX XXXX X xx xx Sophisticated x x x x
: equipment
Germany (P Re) XXXXITIXXIXX IXXXIXTITXX Xxxxxx XX X XxXxx XXI|] X XX X X
Ghana XX XX x x x xxx
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Guyana z XXX
Iceland IXXIXXXXX ' b & 4 x x x
India XX x x x x
Indonesia ZTXIXX XXXX
Iran x IIX
Ireland x X XXX XXX Xxx x Sophisticated x
‘ : equipment’
Israel XTXXXXXX xXEXrx xXx X x xx x x x x
Italy XTXIX XXX xr X XXTXX r x r x ’
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Table I (continued)

National Monitoring Programmes
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Ivory Coast xrxx ‘xTx x| x rxx x x | Stand.class,equip. x
Jamaioca XXXX X X, N .
Japan IXXIXIXXXX XXIXXIXXIX XXXXXII XX xx x xXXxX X
 Kenya xx xx|l x T xxx.. : R : o
Korea TXTXX ' . T x =z x| - . xx x
Madagaecar rxxXx xxx coe ’ '
Malta ) - . x x x E ' ’
Mexico TXTYX XX s : Lo
Nonaco x x TY x L .
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New Caledonia xx X X x )
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Nigeria x X R 3 ' . e R -
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. ' ' L : : } B ., equipment .
Portugal XXIXIXX. x N x
Senegal xXxTxx. X% X |° . . ! '
South Africa LIXxXXXxx <« Jome diss.comstit. | rxxxxx .xX Sophisticated - xxx xXx
; , : . equipment
Spain TXXXIIXX xx x “Sophisticated xx
. . equipmen
Swaden FXXXXXXXX XXx.  XXXYX r xx X. XX BT JEFENS 4 XXrx x xX
Taiwan TXXX XX X x T XXXIX x. o co
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Thailand ZXXI X : xx xTXX - Stand.class. equip. x
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UeKe XIXTIXIXXX XXXXIXXXX IXXXXXXXX
Uruguay . . x xTXTX .
U, 3. A XXXXXXIXXX IXXIXXIXXX XXXXXIXIXXX XrxXxx x x IXXXXXTIXX
0. 8¢ S4Rs IXXIXIXXXXX x XXx, No information
Yugoslavia XXxx XxXx X x XXX
: x XXX
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. In order to use the oysters for a monitory programme on pestiocides careful attention
had also to be given to the sampling and amalytical procedures. The main problems which had
to be tacMed in this conmexion were the wide spread of sampling stations from about 50° to
- 30° northern latitude both at the Pacific and Atlantic coast of the United States and along
the coastline in the Qulf of Mexico which meant that assistance and cooperation of many
people was required and therefore both sampling amd analytical uniformity was diffieult to
maintain. Besides careful training of sampling personnel it was decided to accomplish all
analyses in the same laboratory. This became possible because a teéchnique had been found to
prevent spoilage of the samples and degradation of pesticide residues for at least 30 days
without refrigeration. Thus, semples could be sent by ordinary mail to the analysing centre.
Analyses were made by gas liquid chromatography which allowed to quantify 10 of the most.
commonly used organochloride pesticides at levels above 0.01 ppm. .

* Within nearly four years about 5 000 samples have been analysed from 170 permanent stations
and it was found that DDT and its metabolites are the most commonly present pesticides; dieldrinm,
endrin and toxaphene being the next in frequency of coccurrence. XNormally, the amount of DDT
was less than 0.5 ppm and only rarely the residue exceeded 1.0 ppm with & maximam value of
5«4 ppm following a single incident.

In general the DDT residues were not of sufficient magnitude to comstitute a human health
problem. However, their presence indicates the ubiquity of DDT in the estuarine food web. In
partioular, it was shown that in estuaries receiving signifiocant amounts of agricultural run-
off, ihe seasonal residue pattern is proportiomally higher. In some cases the monitor data
oould clearly demonstrate the industrial dimscharge of pesticide waste whose presence had been
unsuspected by the state agencies responsible for clean water programmes. Several times the
method has been proven sufficient to identify the specific sources of pesticide pollution.

3.2 'ngg ional ‘andAErlduide monifor_ix_:g programmes

With regard to regional and worldwide cooperation, imformation in literature is enly
sporadic and Table II, in this case, should only be taken as giving some examples. With regard
to joint marine pollution monitoring there are only a few programmee included but it is likely
that more joint surveys for pollution investigations are in existence and the table, therefore,
needs completion. ' . . ,

4/ POLLUTANTS

. The pollutants to be monitored have in fact already been selected by the present prastice
- of baseline studies on national and regiomal levels. Four categories, however, ceem to
constitute the pollutants that appear to present clear and definable threats to the ocsean
system, and these groups, therefore, should be taken into account for worldwide monitoring

on the basis of experience which may be gained with the pilot project envisaged within the
framework of IGOSS; these categories as defined by an ad hoo Working Group at the 5th Session
of the Joint Group of Experts on Scientific Advice on Marine Pollution (GESANP) in June 1973
ares petroleum, halogenated hydrocarbons, heavy metals and transuraniocs.

Petroloum is at present estimated to enter the oceans at an smount of about 2 million
tons anmally, and with the predicted doubling.of oil production over the mext ten years this
amount may still rise. Although recently scme groupe argue that harmful effecis of oil and
its produots to living rescurces have boen overestimated, it is a faot that catastrophic oil
8pills have been followed by mase mortalities of marine organisms and that fish eggs oan be
damaged with oil concentrations of sbout Os1 ml/1 (e.ge, 0il spill at Bussarde Bay,
Massachugsetts; experiments in U.S.S3.R. with sturgeon eggs). PMurthermors, the redustion of
the amenity of many beaches of the world whioh are soiled with tar balls and oil 'slicks is
quite obvious. The impact of cil on the marine environment has recently been studied by

a workiyg group (I}DD/Y-'AO/Unesco/WmM/IAEA/U_N, 1976) .
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Halogenated hydrocarbons belong to the most ubiquitcus pollutants in the oceans, as the
above example of monitoring pesticides in the U.S.A. has shown. Polychlorinated biphenyls
(PcBs) have been proven to produce a chloracne type of disease upon ingestion by man; DDT
and its metabolites, although not affecting human health according to our present knowledge,
seem to interfere in hormonal production in higher organisms of the food chain and affect
the photosynthetic process in some algae. .

From metals, the damaging effects of mercury contained in fish 'prodncts is well known.
However, there is also an urgent need to monitor other elements which are likely to affect
life processes, such as cadmium and lead.

Finally, transuranic elements and their compounds which originate from moclear reactors
and devices, are very toxic as regards their chemistry and radiocactiviiys As their production
is growing and their environmental concentrations are expected to increase, programmes of
analysis and moniforing in the marine environment should be initiated.

The main characteristics of these pollutants of worldwide importance, as well as those
of interest for national monitoring programmes are given in Pable III, which summarizes the
effects of the various pollutants and discusses possibilities for monitoring them either at
the source or in the field. The table further contains information about research which is
atill needed with regard to monitoring these pollutants and lists most suitable methods of
measurement. ‘ . o

5  OQUTLINE FOR A MONITORING PROGRAMME IN .DE\TEIDPIBG COUNTRIES

@eneral survey of possible sources. The first step should be a general survey aimed at
finding out ths main sources of pollution along the coastline. This sounds simple; however,
it requires extensive spade work. At every coastal place industries have to be examined.
with regard to the composition of their effluents and solid wastes, and analyses have to be
made in order to get quantitative estimations for each of the main pollutanis. RMigures for
the biological oxygen demand for the waste coming from municipal and industrial sewage syatems
should be calculated for each of the big cities and the pollution load of the main rivers has
also to be investigated taking into account seasonal variations of the runoff.

Resulting from these estimations a map of the coastline may be designed which can serve
a8 a basis for further steps. This map will contain the main rivers (with figures for their
runoff and pollution load in BOD), the various types of industries (indicating the main
pollutants), cities and recreation places (giving the mumber of inhabitants, taking into
account seasonal changes of these figures in touristic zones), and the mumber of treatment
plants for domestic and industrial wasie (indicating the degree of treatment).

Bage-line studies in selected areas. Based on the above maps, areas can be defined in
whioh either the total pollution load is extremely high or a specific pollutant is assumed
to be predominants Pollution investigations may concentrate on these areas first. GHyste-
matic analyses of sea water, sediments and/or organisms should be started in these selected
zones for a period of at least one year. QOuided by the results of such "base=line*
studies plans can be made for contimous marine pollution monitoring and these activities
may then be extended to the whole coastal .zone. N ‘

Establishment of & suitable laboratory. Whilst the base-line studies as basic investi-
gations preceding any monitoring aciivities can be organiszed with the assistance of university
or industrial research institutes, or with the support from foreign laboratories, the real
monitoring programme has to be done by a specialized national laboratory equipped with the
necessary sophisticated instrumentation and staffed with well trained scientific and tech-
nical personnel.. ' :

+ ‘e capacity of these laboratories should be high emough to deal both with all the
analyses to be included in the monitoring programme and with basic regearch needed in this
connexion, e.g., toxicity tests for chemicals released from industries, bioassays with
suitable organisms.
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Design of a network of gtations. Some’ fcu reference ltationl and more mmerous impact
stations, ‘as explained at the boginmng of this lecture, have now to be chosen in order to
set up the final monitoring programme. Impact stations will mainly be ooncemtrated in areas’
found to be most influenced by domestic and indusirial waste, and special attemtion will
certainly be given to rivers and estuaries. - A  decision has 1o be mede about the type of
sampling stations (see Fig. 1). - However, as buoys and unmanned platforms need highly sophisti-
oated instrumentation and are toc expensive and because for satellite observations specially
trained personnel is needed, most of the sampling motivities will, at lesst in ‘the beginning,
be done by small vessels which belong to tho pollution laborator,y or to wh:.oh the laboratory
has eazy access.

, ‘of suitable @ampli Grut tttontion has to be drawn to
the lnita.ble sanpling technique in order to rnoh tnd nint;in the highest standard of quality -
during collection and unlyul of samples. It is often easy to oontaminate samples by careless
sampling because the contaminanis to be assayed ocour at very low level. Water samples for
measurement of dissolved lvdrooarbom, for instance, taken on board & Ship can easily be conta-
minated h;y the ship's own activities. Metals, on the other hand, are sometimes added to latcr
samples in measurable quaniities through contaot with metal surfaces in water samplers.
Finally, compositional alterations of water samples have to be taken into account and require;
therefore, the immediate measurement of ‘these chemical parsaeters, and, if some pollutants
(such as pesticides or some petrol eum oonpounds) occur at a very low level only, which does

not allow direot measurement, bioaoounlatmn in manne organisns haa to be used for concen—
trations of these polluta.nts. I . : R

The sampling frequency is linuted, on the one hand, by the la.boratory and colleotion
capabilitien (upper limit) and on the other hand, by the need 1o obtain statistically signi-
ficant data (lower limit). Between these two limits, the sampling frequency has o be chosen
so that gseasonal changes in the concentration of pollutants arising from changing biological
and chemical aotivity can be defined. As a minimum, four sampling periods in the various
seasons are required. : . e . '

mﬁ.on and traininge Whilst in most countries sufficient scientific and technical
. personnel are available, in some couniriee more emphasis should be given to the education
of chemists, biologists and oceanographers, as well as- to laboratory technicians familiar
with problems of marine pollution. These people should be enabled to reach a high standard
in the field of pollution analyses and in the evaluation of the resulis through close
cooperation with very experienced scientisis in foreign laboratories or through training being
organized at home as part of bilateral aid or with the assistance of the UN Specialized Ageno:.ee.

The training should cover both nnplmg and the use of ' standardizcd methods of analyses
of the most important pollntants ‘in the onviroment a.nd, at leut, the speoies of commercial
value in the a.raa. - IR : .

Evaluation of ‘the data.. 'nu flnal goa.l of nntioml pollutmn -omtonng progrmea is
the provision of suitable data both for soientific research and for the management of the
living resources in fresh water and the cosstal region. Therefors, the data have to be
esvaluated in relation to the envirommental conditions, such as, ‘temperature and salinity
distribution, stratifiocation of water masses, mixed layer depth, tidal siresams and ourrenis,
ise., that these udditional ‘parameters have to be included in the monitoring activities.
They are required to estimate the rate of exchange between different water masses or ocean
basins, to sstimate the rate of input to the marine enviromment as a whole and to investi-
gate how they are related to chugu in the ooomt- which oth-r-il- -y be alcribod to
pollution. JEPARAS

Exchange of datae One can envisage thtt -numerocus data of. contlninlntl in the environment
and aquatio organisms will be available-as a fonol-up of base=line surveys and monitoring -
loti.viti-.
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From the beginning, pollution monitoring programmes should be combined with a national
data centre so that outcoming data.can readily be handled according to the rules of the
"Manual on Oceanographic Data Exchange"(IOC, 1967). This means that data, after careful
quality control, will be stored and are ready for retrieval at any time for researchers or
desicion makers. This is of particular importance for developing countries in the process
of industrialization, when establishing derived working levels for discharge water quality,
that is the acceptable pollution level in the waste water which will depend on the already
existing pollution load of. the recipient water, -
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