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Tests for Growth Retardation and Pathology
in Fishes Exposed to Complex Mixtures:
Experiences on Polluted River Water

Marten A. van der Gaag

ABSTRACT

Bioassays with fishes can be very useful for monitoring the quality of water pol-
luted with complex mixtures of toxic substances. They offer an advantage over
chemical monitoring in that the biological end-point is the effect which is
considered. Because preconcentration of chemical pollutants is not needed, the
effect of undetected substances is also taken into consideration together with the
bioavailability of the different chemicals.

Growth retardation and a number of pathological effectshave been detected in
polluted river waters using fish bioassays. Both non-specific effects (growth
retardation, mortality, teratogenic effects, influence on embryo-larval develop-
ment) and specific effects (enzyme induction, mutagenicity) can be screened.
However, there is still a lack of standardization in methodology, and a lack of
knowledge on the relation between pathology observed under conditioned
circumstances and consequences for aquatic ecosystems exposed in situ.

1 INTRODUCTION

The final dilution of waterborne wastes occurs in natural waters from lakes,
rivers, and seas. Evaluation or prediction of toxic effects on aquatic environ-
ments is usually based on data from bioassays of single substances, under
controlled laboratory conditions. In a number of cases, joint toxic action of
classes of related substances such as heavy metals or a number of organic
compounds has been studied (Alabaster and Lloyd, 1982; Hermens and
Leeuwangh, 1982; Konemann, 1979, 1980; Verma et al., 1981). This type of
research can provide guidelines to assess the toxic effectsof some industrial waste
waters with a defined pollution load. However, once dumped into natural waters,
almost anything can happen to polluting substances: volatilization, adsorption
to particulate matter, cosolvation, (in)complete degradation, bioconcentration,
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metabolism, or interaction with other compounds. A number of routes are open
to evaluate the toxic impact of such a downstream mixture. In Dutch river
water, for instance, hundreds of organic compounds have been detected by
means of chemical analysis with extraction techniques (Meijers and van der Leer,
1976)and even more with XAD isolation techniques (A. Noordsij, KIW A, per-
sonal communication). However, the possibilities of chemical analysis followed
by toxicological evaluation of individual compounds are limited. Methods for
isolation of organic compounds are selective and incomplete. Also, only about
5 % of the organic material isolated by adsorption on XAD resins can be
identified using the current gas chromatographic/mass spectrometric (GC/MS)
techniques (Noordsij et aI., 1983; van der Gaag et aI., 1982).

The concentrations of the identified individual compounds in Rhine water
were relatively low, often at the submicrogram per litre level. Compounds for
which toxicity data are available often occur at concentrations an order of
magnitude lower than their 'no toxic effect level'. Finally, identification does not
give information on the uptake of compounds from water by organisms, and on
their joint toxic action.

These arguments plead for another approach, in which aquatic organisms are
directly exposed to the water that has to be evaluated. This type of research
involves detection of sublethal pathological effects in aquatic organisms. In
past years, chronic toxic effects have been observed in rainbow trout exposed to
Rhine water under controlled conditions (Poels, 1978; Poels and Strik, 1975;
Poels et al., 1980). In a second phase these effects were confirmed in embryo-
larval tests with trout (van der Gaag et al., 1983a), and genotoxic pollution was
demonstrated in vivo (Alink et aI., 1980;Hooftman and Vink, 1981;van der Gaag
et aI., 1983b).

Fishes were chosen as test animals because they have been the object of more
study on pathological effects than other aquatic organisms, and because these
effects could eventually show some analogy to those found in other vertebrates.
In this paper a number of methods for the determination of pathological effects
at a relatively low level of pollution will be presented and discussed.

2 METHODOLOGY

2.1 Experimental Set-up

2.1.1 Bioassays with Fishes

Pathology can be examined either in field studies or under controlled circum-
stances. Field studies have to take a large number of variables into account which
can interfere with the interpretation of results (Slooff, 1983).This approach will
only be discussed in relation to the results of tests under conditioned circum-
stances (see section 4.1).



Growth Retardation and Pathology in Fishes Exposed to Complex Mixtures 777

Testing for pathological effects of environmental mixtures can be carried out
according to the same principles as for individual substances. Bioassays with
juvenile or adult fish can have a variable duration, depending on the type of
parameter which is measured and the intensity of the observed effects. Embryo-
larval exposure could give results in a shorter time, because this life-stage is more
sensitive to toxicants (McKim, 1977).However, these types of tests do not allow
for the same type of pathological analysis as tests with subadult fish. A specific
category, tests for genotoxic agents, is based on quite different techniques
(Kligerman, 1982). In contrast to the other bioassays, tests for genotoxic effects
can only be performed in a limited number of species.

2./.2 Control Water

Rivers are complex mixtures with a variable pollution load. The aim of our
investigations was to compare river water used as a raw water source for drinking
water preparation with a drinking water of undisputed quality. For this purpose,
it was essential to eliminate the influence of all factors which were not monitored.

As fish are poikilotherms, temperature is an essential factor. It should be
constant and preferably maintained at an optimal level for growth as this will
ensure a shorter test duration. Feeding can be problematic when growth
retardation occurs. For this reason a maximal feeding ration is preferred.
Housing, fish density, water refreshment rate, and oxygen content must be
conditioned in such a way that they will not affect the results.

In our experiments we used unchlorinated groundwater of drinking water
quality as control (Poels et aI., 1980).This means that factors such as pH, mineral
content and hardness were not adapted to those of Rhine water. For many
parameters this will have no influence. However, when control water is used for
making dilutions, its physicochemical characteristics should be adapted to
those of river water because they can affect the toxic action of many compounds
(Lloyd, this volume).

2.2 Choice of Parameters

In principle, any parameter which can be measured according to sound and
reliable methods is suitable to measure pathological changes. However, polluted
natural waters are not expected to show specific responses unless the source of
contamination is limited to specificgroups of compounds. For example, growth
is a non-specific parameter which can be measured in embryo-larval tests as well
as in assays with subadult animals.

In species of sufficient size (lOg or more) many other factors can be measured.
It is easy to determine relative weights of different organs such as liver and
kidney. The relative weights of these organs can give information on the
metabolism (Schulte-Hermann, 1974) and excretion of xenobiotic compounds.
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Further understanding of these metabolic processes can be achieved by assaying
enzyme activities. Clinical haematological characteristics can be used to measure
an overall stress (Mehrle and Mayer, 1980). Histology can support other
findings, but our experience with Rhine water is that sublethal histological
alterations only occurred after longer exposure periods (Poels et al., 1980).
Finally, residue analysis of heavy metals and bioconcentrating organohalogens
can give very useful additional information.

Quite different pathological effects can be measured in embryo-larval tests.
Hatchability and growth can be measured in all species. Accurate determination
of hatching time and yolk sac resorption can only be done in species with a slow
development. In species with large eggs, yolk metabolism can be monitored.
Finally, teratogenic effects can be observed if a sufficient number of eggs are
available. These tests can be prolonged to assay effects on reproduction.

Methods for genotoxicological testing are usually limited to cytogenetic
studies (Kligerman, 1982).At this moment, other techniques such as induction of
dominant lethal and specific locus mutations and bioassays for carcinogenic
effects have only been investigated for a limited number of substances
(Kligerman,1982).

2.3 Some Problems of Experimental Methodology in Fishes

Fishes are poikilotherms. This implies that their physiology is essentially
different from that of mammals. Our understanding of the physiology of fish is
incomplete (Mehrle and Mayer, 1980). Problems can arise when mammalian
methods are applied to fish. This can be illustrated with the development of a
'simple' method such as a micro haematocrit determination. The adaptation of
this method to fish has taken place over a long period, focusing on effects of
handling, anaesthesia with MS-222, differences between species and strains, etc.
(Barnhardt, 1969; Hattingh, 1977;Houston et al., 1971; Larsen and Snieszko,
1961;Nieminen et al., 1982;Reinitz and Rix, 1977;Snieszko, 1961;SOlvioet al.,
1974;Steutke and Schoettges, 1967).Even now, there is no consensus on normal
values.

Special attention should also be given to enzyme activity measurements, which
are now frequently used for the analysis of polluted water (Ahokas et al., 1976;
Burns, 1976;F6rlin and Hansson, 1982;Gruger et al., 1977; Kezic et aI., 1983;
Kurelec et aI., 1979, 1981;Poels, 1978;Slooff, 1983;van der Gaag et aI., 1983a;
Yarbrough and Chambers, 1977). Measurement of these activities at optimal
temperature could produce artifacts (Bouck et al., 1975; Hazel et aI., 1978;
Hochachka and Somero, 1971;Koivusaari et aI., 1981),especially when seasonal
variations are monitored. The best solution to prevent such artifacts would be to
assay the enzymes at the ambient water temperature in which the fish were
acclimatized (Bouck et aI., 1975).
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3 LONG-TERM BIOASSAYS WITH RAINBOW TROUT ON
SURFACE WATERS

3.1 Methods

The long-term tests with trout (Salmo gairdneri Rich.) were derived from results
of earlier tests on Rhine water (Poels, 1978; Poels and Strik, 1975; Poels et al.,
1980). They have been standardized to give maximal information on toxicolo-
gical aspects of water in a short period.

Four groups of 60 fish about 10cm long were selected according to length to
obtain a minimal spread. Two groups were exposed to test water and two to
control water, each in stainless steel aquaria of 400-litres capacity with
continuous aeration. Water previously heated to 12:!::0.1°C was replaced at a
rate of 4 litre/min. The trout were fed maximal rations of pelleted trout food
(Trouvit, Trouw & Co., Putten, The Netherlands). These rations were calculated
weekly according to the expected growth.

Every four weeks, all fish were measured and weighed after a short period of
anaesthetization (30 seconds) in 150 mg/l buffered MS-222 (Sandoz). Every eight
weeks, 10fish from each aquarium were sampled in groups of two or three fishes
and anaesthetized for less than 2 minutes. Blood samples were taken and
processed immediately for haematocrit determination. Then liver, kidney, and
spleen were removed and weighed. The experiments were terminated after 24
weeks. At that time, samples were taken for residue analysis of organohalogens
and heavy metals. With this standardized assay, different types of water were
analysed, each with specific pollution problems.

3.2 Results of Assays in Different Types of Water

In a rural area, no differences were found between trout kept in polder water and
those kept in control water with respect to growth, relative organ weight and
haematocrit (Table 1).The test water was contaminated mainly with agricultural
run-off. However, the use of pesticides was strictly regulated in this area, and
residues of organohalogens in adipose tissue were low (Table 1).

In the moderately polluted river Meuse, growth retardation occurred in trout,
but other parameters did not show significant differences compared with the
control (Table I). Residues of lead « 0.01 mg/kg), mercury (0.02 mg/kg), and
arsenic (0.10 mg/kg) in kidney were the same as in the control. Cadmium levels
were higher (Table 1). Small amounts of four bioaccumulating organohalogens
were present in adipose tissue (Table 1).PCBs (polychlorinated biphenyls), DDT
derivatives, and r:x-and {:I-HCHwere not detected.

In the more heavily polluted Rhine water, growth retardation occurred
together with liver and kidney enlargement and a lowered haematocrit (Table 1).
Cadmium residues were detected in kidney and the same four organohalogens as
in Meusewater bioconcentrated in adipose tissue, but at higher levels (Table 1).



Table 1 Measurements of several parameters in trout exposed for 24 weeks to polder water (1980-1981), Meuse and Rhine water
(1981-1982)
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Polder
water Control Meuse Control Rhine Control

Length (em) 24.4:t 1.8 24.6:t 1.8 22.2:t 1.2* 23.8 :t 1.2 22.0:t 1.1* 23.9:t 1.2
Weight (g) 248 :t 50 251 :t 58 180:t 31* 219:t 32 174:t28* 220:t 32

Relative liver weight (%) 1.28:t 0.13 1.36:t 0.17 1.34:t 0.17 1.26:t 0.20 1.36:t 0.19* 1.12:t 0.15
Relative kidney weight (%) 0.72:t 0.15 0.73:t 0.11 0.99:t 0.18 0.85:t 0.12 0.89:t 0.12* 0.74:t 0.12
Haematocrit 49:t 3 47:t 4 34 :t 5 38 :t 5 39:t 4* 45 :t 5

Organohalogens in adipose tissue
Pentaehlorobenzene(Jig/gfat) <0.05 <0.05 0.06 <0.05 0.60 <0.05
Hexaehlorobenzene(Jig/g fat) 0.09 <0.05 0.24 <0.05 1.20 <0.05
y-HCH (Jig/gfat) 0.18 < 0.10 0.22 <0.10 0.26 <0.10
Pentaehlorothioanisole(Jig/gfat) <0.10 <0.10 0.13 <0.10 0.29 <0.10

Heavy metals in kidney
Cadmium (Jig/gww) - - 0.11 0.02 0.14 0.02

.Significantly different from control, P < 0.05.
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From these results, it appears that growth retardation would be the first
parameter to show any changes in this type of test. In both Meuse and Rhine
water, growth retardation became evident after 8-16 weeks but kidney
enlargement and lowered haematocrit only at the end of the experiment. The
length of exposure is certainly an essential factor. In 1976and 1977, trout were
exposed to Rhine water for 18 months (Poels, 1978;Poels et aI., 1980).Growth
retardation and liver and kidney enlargement were observed after eight weeks.
The blood glucose level of fish in Rhine water was significantly higher after 12
months. After that an on-going decrease of hepatocyte volume and histological
changes in the spleen (increased number of macrophages and lack of trabecular
structure) were observed in the final three months of the experiment. These
findings could indicate a progressive worsening condition of the fish under the
influence of the polluted water. The interpretation of growth retardation
occurring alone with no other side-effects is more difficult, as no tests with a
duration longer than 24 weeks were carried out in Meuse water.

The finding that growth retardation appears to be the most sensitive parameter
contrasts with the experience of Woltering (1984), based on a large number of
assays on individual substances. This could possibly be a major difference
between the testing of individual substances and of complex mixtures.

4 EMBRYQ-LARV AL ASSAYS

4.1 Introduction

Mortality is the major parameter for the quantification of toxic effects of
individual substances in embryo-larval tests (McKim, 1977), but a number of
other parameters can be considered to measure sublethal effects (Rosenthal and
Alderdice, 1976). A low level of mortality, growth, developmental factors, and
teratogenic effectscan be taken into consideration. However, the developmental
characteristics of the different species used for this type of assay determine which
parameter can be measured.

4.2 Assays on Species with a Rapid Development

The fathead minnow (Pimephales promelas), flag fish (Jordanella floridae),
medaka (Oryzias latipes) and zebra fish (Brachydanio rerio)are small species with
rapidly developing eggs and larvae. Tests with these species are performed at
temperatures ranging from 20DCto 25DC.Eggs of these fish are small and have a
transparent chorion which allows fertilized ova to be selected within a few hours
after spawning. After this selection we obtained a survival of over 85 % for all
these species, without the use of antibiotics or fungicidal agents. Exposure to test
water can only start after a hardening of the eggs because the ova are spawned on
substrates (fathead minnow and flag fish) or carried chorionic filaments
(medaka). Only zebrafish ova could possibly be fertilized with a dry method,
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which would allow hardening in the test water. All these species havea short life.
cycle. Prolongation of these tests allows the analysis of reproduction and effects
on the second generation.

In contrast to tests with trout eggs, Rhine water did not significantly induce
increased embryo-larval mortality in these species. This could be the con-
sequence of the low permeability of hardened eggs (see section 4.3) and of the
relatively small number of eggs which can be tested per batch. Bacteria or fungi
can sometimes interfere with test results. Medaka eggs showed a high mortality
in unfiltered Rhine water, but all eggs were contaminated with fungi. Filtration
of Rhine water brought mortality almost back to control levels (van der Gaag
et al., 1984).The chorionic filaments and mucopolysaccharides on medaka eggs
may be a suitable substrate for the settlement of microorganisms.

The development of ova and larvae is very rapid, which interferes with the
measurement of hatching time and yolk resorption rate. Growth can be
measured accurately to the nearest 0.1 mm using macrophotographic techniques.
However, significant growth retardation can only be observed after longer
periods of exposure (4-10 weeks, unpublished results), at which time the growth
rate of zebra fish and medaka isalready slowing because they have nearly reached
adult size.

It is also difficult to achieve optimal growth during the early larval phase when
feeding is essential. Larvae in river water could show even better growth than
controls if microorganisms of a suitable size for feeding are present.

In more polluted waters, these bioassays with tropical fish can have many
advantages over tests with trout eggs. In our situation, however, the usefulness of
the rapid embryo-larval tests was limited because of the smaller number of
sublethal effects that could be measured.

4.3 Embryo-Larval Assays with Trout

4.3.1 Methods

In our experiments, trout ova were fertilized at 'de Zwanenspreng' in Apeldoorn,
divided into test groups and hardened in the various test waters. The ova were
immediately brought to the test location and disinfected for 10 min in
Wescodyne. They were incubated in 5-litre stainless steel trays (VECO AG,
Horgen, Switzerland) with a maximum of 800 eggs/tray. Aerated water,
preheated to 12°C, was replaced at a rate of I litre/min. Dead and/or unfertilized
eggs were counted and removed daily. Hatched alevins were counted daily at
a fixed time, and transferred to IO-litre flow-through aquaria (max. 200
alevins/aquarium). Weekly, 24 fish per water type were photographed
for length measurement and dried and weighed for dry weight determinations.
When about 10-20 % of the fry were swimming, feeding ad libitum five
times a day was started. Dead larvae were fixed on 4 %formalin for the analysis
of morphological abnormalities.
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4.3.2 Background

The disadvantage of using trout is that they only spawn once a year. However,
this species and all salmonids have a number of advantages. Spawns of one fish
consist of a large number oflarge ova, and the embryo-larval development rate
is slow. Also, a great deal of background information is available on the
embryo-larval development of salmonids (Peterson et al., 1977;Terner, 1979;
Vernier, 1969). These factors allow for the measurement of more parameters
than in other smaller species.

4.3.3 Hardening of Eggs

Another aspect is that the ova can be fertilized by a dry method. Therefore
hardening of eggs can take place in the test water. At this stage the egg membrane
is still relatively permeable, possibly allowing the passage of more organic
xenobiotic compounds than in later phases. The incorporation rate in the
fertilized ova of non-polar organics, such as dieldrin and benzo[a]pyrene, was
slow, and only increased at the end ofthe embryonic development (Hannah et aI.,
1982). Exposure to Rhine water after hardening resulted in a reduction of
embryonic mortality to the control level (Table 2). The occurrence of shorter
upper maxillaries (pugheadedness) was reduced after hardening (Table 2),
suggesting that the causative agents enter the ova after hardening at a slower
rate.

4.3.4 Larval Development and Growth

The interpretation of early growth can be rather complex. It must take into
consideration not only length measurement, but also the duration of the egg
phase and the yolk catabolism. In Rhine water after flocculation and rapid sand
filtration (RSF), the alevins hatched one-half to a whole day earlier than the
controls (Table 3). This is evident not only from the 50 %hatching time estimate
but also from the relative dry weight. It was significantly lower two days after
hatching in RSF than in the control. This is because the relative dry weight of the
yolk (45 %) is much higher than that of the fish (16 %) (Peterson and Metcalfe,
1977). Hatching is an important metabolic event. The limitations of oxygen
uptake disappear, and the rate of yolk sac resorption can increase (Hamor and
Garside, 1977;Hayes et al., 1973;Peterson and Metcalfe, 1977).Growth rates in
the first days after hatching could be higher than I mm/dayat 12°C. This could
account for the difference in length that was observed two days after hatching
(Table 3). During the resorption of yolk material the growth rate gradually
decreases. Yolk sac resorption was completed about 3-4 weeks after hatching
when the relative dry weight was 16%. At that time the difference in length
between RSF and control groups had disappeared. By the end of the experiment



two weeks later, control fish were significantly longer and heavier than in RSF
(Table 3). Wet weight determinations alone have hardly any value as a parameter
in the early larval stage, but the shorter length of incubation seems to be related
to water quality. It was found to be reproducible, even in batches of eggs from
different females. In different bioassays it was observed as a sublethal effect
of selenium (Hodson et al., 1980), cadmium (Woodworth and Pascoe, 1982),
benzo[a]pyrene (Hannah et aI., 1982)and petroleum hydrocarbons (Leung and
Bulkley, 1979).Higher concentrations of these compounds (Hannah et al., 1982;
Hodson et aI., 1980) and other compounds such as cyanide (Leduc, 1978)
lengthened the incubation. A similar effect was observed for Rhine water. In
1976, the incubation period was longer than in the control. These observations
were not quantified (unpublished results). From 1978 on, incubation in Rhine
water was always shorter than in the control.

This corresponds with other criteria, which could indicate an improvement in
the quality of Rhine water between 1977and 1980(Slooff, 1983;van der Gaag
et al., 1983a). However, the different actions oflower and higher concentrations
of chemicals on incubation length do not facilitate its interpretation.

4.3.5 Other Parameters

Prolongation of embryo -larval tests opens the possibility of measuring a number
of parameters of long-term tests with subadult fish. In 1978three related waters
were assayed: Rhine water, Rhine water after flocculation and RSF, and
ozonized RSF (ozone dose 2.6 mgjl, contact time 20 min, no ozone detectable in
test water). In this test the ova were hardened in control water, which lowers the
sensitivity of a number of parameters (Table 2).
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Table 2 Embryo-larval mortality and occurrence of pugheadedness in trout
exposed to Rhine water at different stages of their development in 1981

After
Start of Mter hardening As eyed ova
exposure fertilization (4 hours) (12 days) Control

Number of eggs 714 280 296 726

Embryonic
mortality
(% of eggs) 18.2 12.9 12.5 12.4

Larval
mortality
(% of eggs) 8.4 6.8 8.1 4.1

Frequency of
pugheadedness
(% of juveniles) 14.2 9.8 4.3 0



Table 3 Growth and development of trout larvae in two water types

Rapid sand filtrate Control

50 % hatching
(in day-degrees) 307-310 317-320

Sampling time
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Day- Growth Wet Relative Growth Wet Relative
degrees Length rate weight dry weight Length rate weight dry weight

Days (approx.) (mm:t SD) (mm/day) (mg:t SD) (%ww) (mm:tSD) (mm/day) (mg:t SD) (% ww)

28 340 16.3:t 0.4* 73:t 2* 33.3 :t 0.7* 15.3:t 0.5 69 :t 3 35.6:t 0.5
0.44 0.58

33 400 18.5:t 0.5 88:t 3 27.8:t 0.9* 18.1:t 0.6 78:t 2 31.0:t 0.6
0.40 0.36

40 485 21.3 :t 0.6* 105:t 4 19.8:t 0.3* 20.6:t 0.7 98:t 6 22.2:t 0.9
0.27 0.40

47 570 23.1 :t 0.6 136:t 7 16.8:t 0.2 23.4:t 0.7 136:t 7 16.7:t 0.4
0.29 0.25

54 650 25.2:t 1.1 181:t 16 nd 25.2:t 1.0 180:t 11 15.9:t 0.3
0.41 0.50

61 735 28.1 :t 1.2 272:t 13 15.9:t 0.2 28.7 :t 1.4 293 :t 20 15.9:t 0.3
0.42 0.51

68 820 31.0:t 1.5* 350:t 28* 17.0:t0.3 32.3:t 1.6 429:t 32 17.1:t0.5

* Significantly different from control, P < 0.05.
nd = Not determined.
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Hatchability did not differ in the test groups, but the percentage of unfertilized
eggs was relatively high. Larval mortality was highest in Rhine water, a little
lower in RSF, and at control level in ozonized RSF (Table 4). The same sequence
was observed with reference to length and wet weight, and to the occurrence of
pugheadedness (Table 4). The trends of relative liver weight (RLW) and
bioconcentration, however, contrasted with the previous results. Both RLWand
concentrations of organohalogen residues in adipose tissue were higher in RSF
than in Rhine water (Table 4).

These results are interesting beyond the scope of the pathology in embryo-
larval tests because they illustrate the importance of the uptake route from water.
In embryo-larval tests, Rhine water was filtered over a I-pm inert filter. This
seems to have little effect on bioconcentration factors (Califano et aI., 1982).

Table 4 Embryo-larval test on four water types-mortality parameters measured after
an exposure period of 114 days (1380 day-degrees) in 1978

Rapid sand Ozonized
Rhine water filtrate RSF Control

Mortality (n = :t 5000)
Embryonal
mortality (%) :t 15 :t 15 :t 15 :t 15
Larval and juvenile
mortality (% of
hatched larvae) 17.0* 13.3* 4.3 4.0

Growth (n = 24)

Length (cm) 3.68:t 0.24* 3.90:tO.31* 4.15:tO.35 4.18:tO.32

Wet weight (g) 0.48 :t 0.11 * 0.54:tO.14* 0.61:t 0.17 0.62:tO.17

Relative liver weight
(% of wet weight) 1.48:t 0.07* 1.57:t 0.02* 1.45:tO.14 1.38:t 0.10

Residue analysis (n = 2)
Fat content
(% of whole fish) 2.2:tO.l 2.2:tO.l 2.6:tO.0 2.9
Pentachlorobenzene
(p.g/gfat) 0.56:tO.05 0.91 :to.13 0.29 :t 0.03 <0.20

Hexachlorobenzene
(Jlg/g fat) 0.88:t 0.17 1.79:t 0.17 1.04:t 0.06 <0.20

Pentachlorothioanisole
(Jlg/gfat) 0.32 0.87 0.30 <0.30

Teratogenic effects (n = 600)
Pugheadedness
(% of juvenile fish) 6.8* 2.7* 0.5* 0.0

* Significantly different from control, P < 0.05.
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Coagulation, sedimentation, and rapid sand filtration essentially remove par-
ticulate matter and parts of humic acids from water. It is clear that their removal
enhances the bioavailability of bioconcentrating compounds.

5 BIOASSA YS FOR THE DETECTION OF GENOTOXIC AGENTS

Effects of genotoxic agents cannot be detected in classical toxicological tests,
unless their end-points are a carcinogenic effect (for a review, see Kligerman,
1982). However, these carcinogenicity tests are long-term tests and have only
been applied until now to single substances. In a pilot study we did not find any
histological hepatic lesions in 12-month-old trout which were exposed to
unconcentrated Rhine water during their embryo-larval development, in
analogy to the method of Hendricks et al. (1980) (unpublished results).

Short-term tests involve detection of chromosomal lesions, either as clasto-
genic effects (aberrations) or as DNA damage (sister chromatid exchange, SCE).
These types of tests can be performed in aquatic animals with a suitable
karyotype. In a review, Kligerman (1982) mentioned II fish species which had
fewer than 26 chromosomes. Most studies up to now were done on Umbra /imi
(2n = 22) (Kligerman, 1979; Kligerman and Bloom, 1976), Umbra pygmaea
(2n=22) (Alink et al., 1980; Hooftman and Vink, 1981) and Nothobranchius
rachovi (Hooftman, 1981; van der Gaag et al., 1983b; van der Hoeven et al.,
1981).Other aquatic organisms seem to be equally suitable, such as a polychaete
worm (Pesch and Pesch, 1980)or the mussel Mytilus edu/is (Harrison and Jones,
1982). SCE techniques offer the advantage that they seem to show an effect in
polluted waters at a lower level than chromosomal aberrations (Kligerman,
1982).SCE analysis can be done in a smaller number of metaphases than analysis
of chromosomal aberrations.

Both SCE and chromosomal aberration techniques have been used to detect
genotoxic agents present in water. This was demonstrated for a number of
mutagens, as well as for compounds that need metabolic activation (see
Kligerman, 1982).A number of studies have shown that these effects could also
be detected after exposure to water from a polluted river, the Rhine (Alink et al.,
1980;Hooftman and Vink, 1981;van der Gaaget al., 1983b).In fact, the SCE test
is the assay which shows a toxic effect of Rhine water after the shortest period of
exposure, i.e. 3-11 days. There is limited evidence that a longer exposure time
induces a higher SCE frequency (Alink et al., 1980).

A number of research groups experienced some problems in obtaining a
reproducible sister chromatid differentiation using the FPG (Fluorescence Plus
Giemsa) technique (Kligerman and Bloom, 1976; van der Gaag et aI., 1983a;
personal communications of Alink, Hooftman, and Siooff). We have recently
improved some aspects of this staining technique (van de Kerkhoff and van der
Gaag, 1985)and will start testing to assess the sensitivity of the system.
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6 EVALUATION

6.1 Standardized Tests and Field Studies

The standardized tests for pathological effects show responses very similar to
those from field studies. Siooff studied populations of bream (Abramis brama) in
the Rhine and Meuse in their Dutch section in 1979 and 1980. Growth
retardation, liver enlargement, enzyme induction and occurrence of pugheads
were observed in Rhine water, and at a lesser intensity in breams from the
Meuse (Slooff, 1982, 1983; Siooff and van Kreijl, 1982). This indicates that
the standardized assays are quite representative of events which happen in the
ecosystem. But they also have a lower detection limit because all circumstances
are controlled. However, this does not apply for bioconcentrating compounds.
Heavy metals do not or hardly bioconcentrate from Rhine water in the
laboratory tests due to their low bioavailability (Luoma, 1983).Organohalogens
only bioconcentrate in relation to the dissolved fraction. This explains why
concentrations of PCBs (40-80 J1.gjgfat in 1977) found in fish from field
locations in Rhine water (Kerkhoff et al., 1981)were very much higher than in the
laboratory test (1-2 J1.gjgfat) during the same period (Poels et al., 1980).

Even without incorporation of trophic chain effects, the standardized assays
provide more possibilities to make an objective quantification of adverse
biological effects and to compare trends over a period of time (van der Gaag
et al., 1983a).

6.2 Specificity of the Pathological Effects

Liver enlargement in combination with altered activities of mixed function
oxidases is the most specific effect that could be observed in fish exposed to
polluted river waters. It is clearly associated with the increased metabolism of
lipophilic xenobiotic compounds or with possible sublethal hepatotoxic effects
(Schulte-Hermann, 1974; van der Gaag et al., 1983a).

In the different waters tested over a number of years, a relation was found
between the increase in relative liver weight and the residue of organohaloge-
nated compounds in adipose tissue (van der Gaag et aI., 1983a). In the long-term
tests on Rhine water, both parameters were found to be reversible and showed
parallel fluctuations (Poels et al., 1980).At this moment, however, it is still not
clear whether only bioconcentrating organohalogens are responsible for this
liver enlargement.

Pathology occurring in the tests on polluted river waters was often also
observed in tests on individual substances. Growth retardation, lower haemato-
crit or haemoglobin content, and increased blood glucose concentrations are
often an indication of non-specific stress. A shorter duration of the egg phase has
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also been associated with negative effects. None of these parameters, however, is
specific in such a way that it could indicate a group of compounds responsible for
the effect.

In some cases it could seem possible to exclude the likelihood of a causative
agent. In laboratory tests, TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) was found
to induce pugheadedness in trout embryos (Helder, 1982). The same effect was
observed in Rhine water and derived water types. As TCDD is strongly
lipophilic, one could expect it to show the same behaviour in water treatment
processes as do other bioconcentrating organohalogens. However, where RLW
and organohalogen residues were found to increase after RSF, pugheadedness
happened to decrease (Table 4). As the ova were also exposed to Rhine water and
RSF after hardening, it does not seem likely that TCDD could have induced this
teratogenic effect. This hypothesis is supported by the recent findings of Helder
et al. (1982) who demonstrated that TCDD was bound in an irreversible way to
particulate matter and is poorly bioavailable.

Finally, a number of effects remain about which no background information is
available. This concerns the histological findings of on-going atrophy of
hepatocytes and the structural changes in the spleen observed after 18months in
Rhine water. These effects cannot be related to any compound, and also cannot
be evaluated in relation to their impact on the organism.

6.3 Duration of Assays for Pathological Effects

The aim of assays for pathology is to demonstrate toxic effects of a given body of
water in the shortest possible time. Two factors influence the time needed: the
degree of pollution of the water, and the amount of information that is required.

Heavily polluted waters will show stronger pathological changes in a shorter
time. It seems that the response time of a number of criteria is relatively
independent of the type oftest used. Significant liver enlargement could be found
after 4-8 weeks in Rhine water over a number of years. Growth retardation was
significant only after 6-16 weeks in both long-term and embryo-larval tests. The
response time of genotoxic effects is much faster because the event which is
followed (cell division) happens in a much shorter time than growth.

As the macro-effects measured, such as reduced growth and liver enlargement,
are the result of micro-effects on metabolism, it should be possible to monitor
these biochemical causes. Mehrle and Mayer (1980) found that vertebral
collagen and hydroxyproline concentrations could be sensitive early indicators
of growth and bone development. This, however, is based on results with a
limited number of substances. In the same way, monitoring of hepatic mixed
function oxidases could eventually demonstrate the presence of substances
inducing liver growth in a few days. It could also help to discern between
hepatotoxic and adaptive changes in the liver (Schulte-Hermann, 1974).
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7 CONCLUDING REMARKS

Many significant deviations from control water values have been observed in fish
exposed to polluted river waters in different types ofbioassays. However, it is not
clear at this moment whether such deviations can be considered as being
pathological, i.e. having a negative influence on the chances of survival of an
individual or a species. This is partly due to the lack of knowledge of normal
values or the parameters that were investigated. It is not to be expected that this
aspect will be improved in the coming years because the problematics of normal
values for diagnostic tests in fishes are complex, due to the multitude of species
used for toxicological testing and the relative lack of standard methods.

Another limitation of these bioassays is that results cannot be extrapolated
to expected effects in the environment. There is a certain agreement with
observations from field studies, but influences of trophic chains are excluded in
the bioassays. Moreover, it is difficult to tell whether the influence of a slightly
increased embryo-larval mortality and of growth retardation due to toxic
substances will be noticed in the aquatic environment; in ecosystems, mortality
rates are high in the first year and growth ismainly regulated by the availability of
food.

Identification of toxic groups of substances through their specificpathology is
also limited. Most effects observed in river waters were not specific.An exception
could be made for liver enlargement, where further analysis of induction or
inhibition of mixed function oxidases can allow a certain characterization of the
toxic agents involved.

Even with these limitations, bioassays under controlled conditions have
proved to be very useful in the objective quantification of the toxic effects of river
water. A suitable choice of parameters can give highly reproducible results. In
this way, trends in biological effects of pollution in a given body of water can be
monitored at relatively low detection levels and low cost.
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