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Chapter I 

GENERAL INTRODUCTION 

A century ago the large rivers in Europe were still characterized by a high faunal 

biodiversity. Especially benthic communities were rich in invertebrate species, but 

nowadays many populations have virtually collapsed in several rivers. Concomitantly, few 

ubiquitous species are blooming. Also the fish fauna has much declined, notably the 

migratory species have been eradicated in many river systems. Today, ecological 

recovery and rehabilitation of aquatic ecosystems have become major objectives of many 

governments. For some rivers, like the Rhine, international rehabilitation programmes have 

been established which aimed at restoring water quality so that formerly existing species 

may return, safeguarding river water as a source of drinking water, and reducing pollution 

of the river sediment (IKSR, 1987). Although a few typical riverine insects returned to the 

Rhine recovery proceeds slowly, while in other rivers, where no such rehabilitation 

schemes are in operation, recovery has not even commenced. 

In order to restore the original biodiversity of disturbed rivers it is essential to know how 

species can benefit from improving environmental conditions and which environmental 

requirements are to be fulfilled. However, decisions on measures are hampered by a lack 

of knowledge on the autecology and the sensitivity to toxicants of many aquatic macrofauna 

species. This information is crucial, because most large rivers harbour habitats that are 

modified in many respects and at the same time many different water quality parameters 

indicate deteriorated conditions for aquatic life. 

The lack of information on the specific requirements of macrofauna species to many 

environmental factors hampers the interpretation of data on the distribution of aquatic 

invertebrates severely. This scientific problem confronts also the water management with a 

dilemma: is there perspective for massive nature development programmes recreating 

interconnected habitats or is water quality to be further improved by reducing the input of 

toxicants and nutrients? Van Urk et al. (1993) observed that a decrease in concentrations 

of insecticides in the River Rhine coincided with the reappearance of the caddisfly 

Hydropsyche contubernalis, whereas Neumann (1990) suggested that the recolonization of 

this species was due to increasing oxygen levels. This example clearly demonstrates that 
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the current ecological and ecotoxicological understanding of riverine invertebrates is 

insufficient to found river rehabilitation. 

The aim of this study is to identify which key factors of water quality determine the response 

of invertebrate species to polluted river water. It is evaluated if toxic barriers exist for 

indigenous species to re-establish in rivers in the process of sanitation, and which variables 

determine the response of "pollution tolerant" species to deteriorated conditions. The River 

Meuse has hardly shown signs of ecological recovery in recent years and therefore this 

river was used in a case study. 

River Meuse 

Germany 

Fig. 1.1: Catchment of the River Meuse. 



GENERAL INTRODUCTION 

The Meuse is a rainfed river having a 35000 krri2 catchment area stretching from France 

through Belgium and The Netherlands (Fig. 1.1). The total length of the river is 850 km, of 

which the lower 250 km flows through The Netherlands (Breukel etal., 1992). The Meuse 

serves many functions; its ecological value of certain reaches, e.g. the Grensmaas (part of 

the Dutch/Belgian Meuse which is not canalized), is of great importance. Meuse water is 

abstracted (as ground water and surface water) to provide drinking water for six million 

people in The Netherlands, Belgium and France (Descy and Empain, 1984; Van Urk, 

1984). A large part of the water is abstracted for agricultural purposes; no less than one 

third of the Dutch part of the catchment consists of agricultural land (Van Urk, 1984). From 

the middle eighteenth century, the Meuse has become an important shipping route (Billen et 

al., 1995). The river bed is used for the commercial extraction of gravel, and hydropower 

is used to generate energy. Finally, the Meuse serves recreational purposes (Breukel et 

al., 1992). 

The River Meuse has been exploited ever since the Middle Ages. Especially in the past 

decades, the morphology and chemistry of the Meuse was much altered. Habitat structures 

disappeared when dams, weirs and channels were constructed for shipping, and the water 

quality is greatly impoverished due to the input of industrial, agricultural and domestic waste 

(Admiraal et al., 1993). 

Focussing on water quality, it is apparent that the load of pollutants has changed during the 

past decades. In the seventies, metal levels were a major problem in the Meuse, but since 

the late seventies up to the mid nineties metal levels have dropped substantially (Baggelaar 

and Baggelaar, 1995). The load of organic toxicants like polycyclic aromatic hydrocarbons 

has decreased as well. However, oxygen levels have not improved, and nutrients are still 

as high as in the seventies. Bacteria (£. coli and fecal streptococci) even show a strong 

increase since then. The levels of Cholinesterase inhibitors have also increased (Baggelaar 

and Baggelaar, 1995), indicating that pesticides are an increasing problem in the River 

Meuse. 

Chemical measurements during recent years showed that the French part of the Meuse is 

relatively clean, and that the Meuse is most polluted downstream the industrial region of 

Liège (RIWA, 1996; RIWA, 1996; RIWA, 1997). The water quality improves to some extent 

further downstream, although the input of pollutants continues in the Dutch part of the Meuse 

(Fig 1.2 and Table 1.1 in appendix). Screening of an extensive data set on physical and 

chemical parameters (RIWA, 1996a; RIWA, 1996b; RIWA, 1997) shows that the Meuse 

carries the highest toxicant levels at the Dutch/Belgian border (Eijsden). Compared to other 

sites, pesticide concentrations are generally highest at Eijsden; the concentration of 

Cholinesterase inhibitors (organophosphorous pesticides) even reached 6.4 Lig/L in 1996 
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(Fig. 1.2). Although in general metal levels have dropped over the years, zinc levels are 

occasionally extremely high (990 |ig/L in 1995 and 660 |ig/L in 1996: Table 1.1) at this 

site. Aside from a high load of chemicals at the Belgian/Dutch border, the Meuse contains 

the lowest oxygen levels around Eijsden. While the minimum oxygen concentrations 

measured in other regions along the Meuse were at least 5.8 mg/L, they were as low as 

2.4-2.8 mg/L during three consecutive years at Eijsden. One of the causes for these 

oxygen deficits is the input of sewage just upstream from Eijsden, around the city of Liège. 

The presence of sewer canals along this part of the Meuse is also apparent from the 

extremely high number of fecal bacteria measured at Eijsden. 
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Fig. 1.2: Measured extremes at four sites along the River Meuse during 1996. Solid 

line: maximum levels, broken line: minimum oxygen levels. 

Besides the regular sampling program performed by the Institute for Inland Water 

Management and Waste Water Treatment (RIZA) and RIWA, a chemical and biological 

warning system is installed at different stations along the Dutch Meuse (RIZA). As expected, 

the majority of reports made on incidental discharges came from the station situated at 

Eijsden. During the present study (1994 - 1996), there were more than 100 reports of 

incidental peak concentrations of toxicants (RIWA, 1996a; RIWA, 1996b; RIWA, 1997). 

Most incidents occurred in 1996, and the main problem during this year were pesticides 

10 



GENERAL INTRODUCTION 

(25% of all cases; Fig. 1.3). Chlorinated hydrocarbons were also regularly measured 

(17% of all cases). There is a number of compounds that are repeatedly found in high 

concentrations over these (and previous) years: diuron, ammonium, diisopropylether and 

tributylphosphate. The latter two compounds are discharged during the industrial 

processing of phosphorous acid at Engis (Belgium) (RIWA, 1996). Diuron is a herbicide 

that commonly occurs at Eijsden, but it is also frequently discharged in the Dutch part of the 

Meuse. It is peculiar that not all measured extremes in the sampling program were detected 

as an incidental discharge; e.g., zinc was never reported by the chemical warning system, 

while data from the sampling program indicated that Meuse water occasionally contained up 

to 990 (ig zinc/L in 1995. Many toxicants are routinely detected and identified and modern 

analyzing techniques have improved over the years. However, there are still many 

compounds that remain unidentifiable, demonstrating that chemical measurements fail to 

indicate a part of the potentially hazardous compounds in the Meuse. 

D other 
0 chlorinated hydrocarbons 
• pesticides 
• tributylphosphate 
0 diisopropylether 
H ammonium 

Fig. 1.3: Number of incidental discharges measured at Eijsden during 1994 

(adopted from RIWA, 1996a; RIWA, 1996b; RIWA, 1997). 

1996 

Biological research on fauna in the River Meuse has mostly focussed on the distribution of 

species offish (Vriese, 1992), macrofauna (Klink, 1985; Bij de Vaate, 1995; Ketelaars and 

Frantzen, 1995) and zooplankton (Marneffe er al., 1996), while other studies concentrated 

on bioaccumulation of specific toxicants such as metals, PCB's, PAH's and pesticides (Kraak 

et ai, 1991; Van Hattum and Dirksen, 1992; Hendriks era/., 1998). Most studies 

demonstrated that the environmental conditions are especially poor in the middle and lower 

region of the Meuse. Here the diversity and abundance of aquatic species are low and the 

bioaccumulated concentrations of toxicants are generally highest. These observations 

11 
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confirm the chemical state of the water in the upper, middle and lower reaches of the Meuse 

(Table 1.1). 

Besides by a chemical warning system, the Meuse has been continuously monitored by a 

biological warning system at Eijsden since 1990, using fish (golden orf; Leuciscus idus) and 

daphnids (Daphnia magna). From 1992 until July 1998, there were no reports of alarms 

set off by the golden orf system. The Daphnia system, on the other hand, has elicited alarm 

on 3 to 5 occasions in 1995 and 1996 (there is some inconsistency on the number and also 

the causes of alarms (RIWA, 1996b and RIWA, 1997 vs RIZA, not published, resp.). The 

observed toxic effects on daphnids were related to pesticides (diazinon), mixture toxicity 

(ammonia, unidentified compounds, oxygen deficiency), (chlorinated) hydrocarbons or to 

unknown compounds. These reports show that the contamination of the Meuse is complex 

and variable and that it is therefore difficult to generalize on toxic effects. In contrast to the 

seventies, when metal levels were continuously high in the Meuse, nowadays there are no 

contaminants that dominate. This complex contamination obstructs the making of a detailed 

plan to rehabilitate the Meuse. 

Ecology and ecotoxicology of the test species 

In order to gain insight into the response of macroinvertebrates to pollution, test species 

were selected that are supposed to differ in sensitivity. Three species were chosen: the 

midge Chironomus riparius, the zebra mussel Dreissena polymorpha and the caddisfly 

Hydropsyche angustipennis. The midge C. riparius is a "pollution tolerant" species, and 

occurs in the polluted stretch of the River Meuse (Evrard, 1994) as well as in other polluted 

streams (Armitage et al., 1995; Postma, 1995). Based on its field distribution, the zebra 

mussel is considered to be intermediately tolerant to pollution (Neumann and Jenner, 

1992). In contrast to the midge and zebra mussel, caddisflies are characteristic riverine 

species (Ward, 1992), and are considered to be intolerant to pollution (Resh, 1993). 

Hydropsychid caddisflies are seldomly found in the polluted stretch of the Meuse (Ketelaars 

and Frantzen, 1995), in spite of having been abundant before the industrialization period 

(Klink, 1985). 

Chironomus riparius 

Larvae of the midge Chironomus riparius (Meigen, 1804) (Fig. 1.4) occur in both lenthic 

and lotie environments, throughout southern and western Europe (Ali, 1995; Postma, 

1995) but also in North America (Beck, 1977; Rasmussen, 1985; Ali, 1995). Within these 

regions, the midge is mostly found in eutrophic waters (Beck, 1977). C. riparius is one of 

the characteristic taxa of which increasing density indicates a heavy loading of organic 

12 
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matter (Lindegaard, 1995), and is therefore often found in sewage canals (Pinder, 1995). 

The larvae feed on detritus (Rasmussen, 1985). 

Fig. 1.4: Larva of the midge Chironomus riparius 

C. riparius is a multivoltine species (Tokeshi, 1995). The development of midges is, 

however, highly dependant on temperature. At 20°C a life cycle of C. riparius can be 

completed in three weeks. At this temperature, larvae hatch from egg masses within three 

days. After 4 days as first instars, midges develop into second, third and fourth instar larvae 

over the following two weeks. After pupation, imagoes emerge from the water surface. After 

mating in swarms (Armitage, 1995), females attach their egg masses to plants or other solid 

substrates at the water surface. 

C. riparius is often used as a test species, because it is widely distributed and it is easy to 

handle in the laboratory. Many toxicological studies have been performed with C. riparius 

(443 items in the AQUIRE toxicological database (U.S. E.P.A., 1997)), making it possible to 

compare results obtained in this study with literature data. The midge has also been used in 

ecological studies (Heinis, 1993; Van de Bund, 1994). C. riparius has proven to be 

suitable for estimating risks of metals (Timmermans, 1991) and polycyclic aromatic 

compounds (Bleeker et al., 1998). The adaptation strategies of C. riparius to metals have 

been extensively studied (Postma, 1995; Groenendijk and Lücker, 1998) and it is often 

used in standardized toxicity tests (Grootelaar et al., 1996). In the present study, larvae 

were obtained from a laboratory culture. This culture was started in 1986, using larvae 

originating from a small experimental pond of the University of Amsterdam (Postma, 1995). 

Dreissena polymorpha 

The zebra mussel Dreissena polymorpha (Pallas, 1771) (Fig. 1.5) occurs in The 

Netherlands and other European countries (Kinzelbach, 1992), and has recently invaded 

North America (Riessen et al., 1993). The mussel is abundant both in lotie and lenthic 

environments (Neumann and Jenner, 1992) and is usually most abundant in mesotrophic 

waters (Stanczykowska and Lewandowski, 1993). D. polymorpha is an important link in the 

aquatic food chain: it consumes large amounts of phytoplankton from the water by filtration 

(Stanczykowska, 1978). Zebra mussels are the main food source for diving ducks, coots 

(Suter, 1982) and benthivorous fish such as roach (Prejs et al, 1990). 

13 
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Fig. 1.5: The zebra mussel Dreissena polymorpha 

D. polymorpha has a life span of 3-5 years. Reproduction occurs in late spring until late 

summer (Neumann and Jenner, 1992) and takes place by spawning of gametes, which 

leave the body through the exhalent siphon. Fertilization occurs in the water, resulting in 

free-swimming planktonic veliger larvae. After 3-5 weeks, the young bivalves settle on hard 

substrate using byssus threads (Neumann and Jenner, 1992). After attachment, the mussel 

starts to grow and is able to reproduce in the following summer. 

D. polymorpha can be found throughout the year and it can be kept under laboratory 

conditions. As C. riparius, the zebra mussel has been extensively used in ecological and 

ecotoxicological studies (210 items in the AQUIRE toxicological database (U.S. E.P.A., 

1997)). D. polymorpha is frequently used in the field as a "mussel monitor" (Borcherding 

and Jantz, 1997) or in bioaccumulation studies (Kraak et al., 1991; Van Hattum and 

Dirksen, 1992), but is also suitable as a test organism in laboratory assays testing its 

filtration rate (Bleeker ef ai., 1992; Kraak, 1992; Stuijfzand et ai, 1995) or re-attachment 

capacity (Mersch and Pihan, 1993). 

Hydropsyche angustipennis 

Hydropsyche angustipennis (Curtis, 1834) (Fig. 1.6) is a characteristic riverine species; it is 

widely distributed in small streams as well as in the lower reaches of large rivers (Edington 

and Hildrew, 1981), but is not found in stagnant waters. This caseless caddisfly spins nets 

from silk-like threads that are used to filter or capture food. Hydropsychids are important 

processors of organic matter in the stream ecosystem. The larvae eat algae, detritus and 

small invertebrates (Petersen, 1986). 

Fig. 1.6: Larva of the caddisfly Hydropsyche angustipennis 

H. angustipennis is a univoltine species, and the adult flight period occurs from April until 

early October (Hickin, 1967). After hatching of the egg mass, the larva develops via five 

stages. At the end of the fifth instar period, the larva constructs a stony pupal case which is 

attached to hard substrate. When the pupa is fully developed, it swims to the water surface 

and emerges. After mating, the female deposits an egg mass under a rock or another hard 

substrate in the stream. 

14 
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Although H. angustipennis is considered to be more sensitive to pollution than D. 

polymorphs and C. riparius, it is not often used as a test species (23 items in the AQU I RE 

toxicological database (U.S. E.P.A., 1997)). This caddisfly is less easy to maintain in the 

laboratory, because it has more environmental requirements and is less well explored than 

the other two species. However, we argue that this is one of the main reasons why this 

characteristic riverine species should be used to identify barriers for ecological recovery of 

disturbed rivers. Therefore, following an initiative by Dr. Engels from the University of 

Cologne, efforts were made to initiate a laboratory culture of H. angustipennis at the 

University of Amsterdam. Since 1996, a successfull laboratory culture has been maintained, 

and it is possible to conduct standard experiments using first instar larvae (Grève ef a/., 

1998). 

Outline of the thesis 

Key factors of water quality in the River Meuse and toxic barriers for different indigenous 

species were analysed in an experimental study combining incubations in the field and 

biological tests on river water in the laboratory. 

In Chapter II, it is evaluated whether the water of the Meuse directly affects 

macroinvertebrate species (1994 -1995). To this purpose, the "intermediately tolerant" 

zebra mussel D. polymorpha and the "tolerant" midge C. riparius were kept in Meuse 

water under controlled conditions. Effects of Meuse water on filtration rates (mussel) and 

growth (midge) have been determined simultaneously. Waterwas sampled along different 

sites and in different seasons, as the pollution level is highly variable along the stream and 

throughout the year. 

One of the questions raised at this stage of the study was whether pollution "tolerant" 

species are tolerant to toxicant levels, or whether they take advantage of the high nutrient 

levels in the river water. In many rivers, both toxicant input and organic enrichment are 

closely interrelated, making it difficult to distinguish between the effects of these separate 

factors. In Chapter III, an attempt was made to discern the effects of toxicants and the effects 

of organic enrichment on macrofauna in river water, using the midge C. riparius as a test 

species. 

Following the results of Chapter III, it was hypothesized in Chapter /Vthat (in addition to 

species specific sensitivities to toxicants) the persistence of species in polluted rivers 

depends on species specific capacities to modify or compensate for negative effects of 

toxicants. The response to organic compounds present in site water, like humic acids, may 

15 
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be essential in ranking pollution tolerant and pollution sensitive invertebrates. The 

responses of the zebra mussel D. polymorphs and the midge C. riparius to metals in the 

presence and absence of organic matter (humic acids) were compared in laboratory tests. 

Following the results of Chapter II, it was determined in 1996 whether ecotoxicological 

barriers exist in the River Meuse for characteristic riverine insect species {Chapter V). To 

this purpose, caddisflies of the genus Hydropsyche were incubated in cages in the Meuse 

and their survival and development were monitored. A comparison was made with 

incubations in the River Rhine in which some caddisfly species populations have re

established. 

According to the results in the preceeding chapters and the high incidence of chemical spills 

in recent years (Fig. 1.3), it is suggested that insecticides may be an important barrier for 

insect life in the Meuse. As the impact of insecticides may be strongly dependent on factors 

like the time of application and the residence time, the effects of a common insecticide on two 

insect species (H. angustipennis and C. riparius) were determined taking these variables 

into account. 

In this study, invertebrate species were tested under (semi-)controlled conditions to 

differentiate the impact of the water quality from the impact of habitat loss. The findings of this 

study are discussed in Chapter VII, where the risk for aquatic biota in the River Meuse is 

assessed. Recommendations for water quality management are given there. 
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Appendix 

Table 1.1: Concentrations of physico-chemical parameters measured in the Meuse at 

Remilly (France, km 340), Tailfer (Belgium, km 522), Eijsden (The Netherlands, km 615) 

and Keizersveer (The Netherlands, km 855) during 1994 (RIWA, 1996a), 1995 (RIWA, 

1996b), and 1996 (RIWA, 1997). 

1994 Remilly (F) Tailfer (B) Eijsden (NI) Keizersveer (NI) 

average minimum average minimum average minimum average minimum 

oxygen (mg/L) 10.4 5.8 11.2 7.2 8.6 2.8 9.5 6.6 
average maximum average maximum average maximum average maximum 

suspended matter (mg/L) 15.3 65 17.5 106 12.9 60 10.2 40.2 

conductivity (mS/m) 47 56 34 44 47 73 49 59 
total hardness (mmol/L) 2.61 3.23 1.93 2.39 2.01 2.75 

chloride (mg/L) 15 19 15 19 40 94 48 75 
ammonium (mg N/L) 0.07 0.14 0.08 0.31 0.37 1.01 0.19 0.59 

total phosphate (mg P/L) 0.1 0.31 0.13 0.58 0.55 2.51 0.26 0.44 

chlorophyll a (pg/L) 12 38 27 150 20 99 13 52 
fecal streptococci (n/100 mL) 167 510 645 2090 2780 11000 354 1820 
cadmium (ug/L) < 0.4 < 0.1 0.21 1.28 0.25 2.82 

copper (ug/L) 2 5 2 4 4 18 4 5 
zinc (ug/L) 18 65 23 74 38 150 32 135 
16 PAH Borneff (ug/L) 0.03 0.09 0.12 0.71 0.07 0.31 

diuron (ug/L) 0.11 0.4 < 0.02 

parathion (ug/L) < 0.25 < < 0.29 0.89 

1995 Remilly (F) Tailfer (B) Eijsden (NI) Keizersveer (NI) 

average minimum average minimum average minimum average minimum 

oxygen (mg/L) 10.4 7.2 10.7 6.2 9.1 2.4 9.5 7.6 
average maximum average maximum average maximum average maximum 

suspended matter (mg/L) 15.7 33.5 26.3 204 13.2 120 12.7 81 

conductivity (mS/m) 46 54 36 44 44 64 47 61 
total hardness (mmol/L) 2.53 3.29 1.96 2.36 2.04 2.52 

chloride (mg/L) 14 20 15 20 37 78 45 72 
ammonium (mg N/L) 0.08 0.21 0.09 0.58 0.43 1.23 0.17 0.5 
total phosphate (mg P/L) 0.06 0.11 0.1 0.4 0.32 0.75 0.23 0.34 

chlorophyll a (ug/L) 30 161 36 282 15 65 11 37 

fecal streptococci (n/100 mL) 257 574 339 1120 2810 14000 199 1250 
cadmium (pg/L) < 0.2 < 0.2 0.35 3.9 0.26 2.18 

copper (ug/L) 2 8 3 15 4 10 5 9 

zinc (ug/L) 16 37 19 52 70 990 38 158 

16 PAH Borneff (ug/L) 0.04 0.08 0.09 1.15 

diuron (pg/L) 0.064 0.213 0.145 0.36 0.236 0.81 

parathion (pg/L) 0.42 1.5 0.4 0.86 

1996 Remilly (F) Tailfer (B) Eijsden (NI) Keizersveer (Nl) 

average minimum average minimum average minimum average minimum 

oxygen (mg/L) 10.4 7.6 11.4 6.7 8.5 2.5 10.1 6.1 
average maximum average maximum average maximum average maximum 

suspended matter (mg/L) 13.8 30.6 16.8 54 12.4 150 14 64.4 

conductivity (mS/m) 43 48 38 59 50 74 55 66 
total hardness (mmol/L) 2.45 2.94 1.94 2.86 2.06 2.53 1.94 2.11 

chloride (mg/L) 17 21 20 28 49 109 63 86 

ammonium (mg N/L) 0.22 0.77 0.07 0.26 0.9 2.25 0.28 1.02 

total phosphate (mg P/L) 0.06 0.18 0.09 0.24 0.47 1.2 0.28 0.63 

chlorophyll a (pg/L) 22 62 27 158 12 72 12 62 

fecal streptococci (n/100 mL) 136 800 445 2400 3940 28000 135 1170 

cadmium (pg/L) < < < < 0.41 2.45 0.27 1.5 

copper (pg/L) 1.2 3 1.7 5.3 5 15.9 4 6.8 

zinc (pg/L) 10 17 22 31 73 660 34 122 

16 PAH Borneff (pg/L) 0.04 0.06 0.1 0.69 

diuron (pg/L) 0.056 0.152 0.22 1 0.22 0.562 

parathion (pg/L) 0.2 0.33 1.19 6.4 0.65 2.9 

21 





Chapter II 

BIOASSAYS USING THE MIDGE CHIRONOMUS RIPARIUS AND THE ZEBRA 

MUSSEL DREISSENA POLYMORPHA FOR EVALUATION OF RIVER WATER 

QUALITY 

Abstract 

To evaluate if the water quality of the River Meuse affects macrofauna species, the impact of 

water from this river on two representative species was tested under controlled conditions. 

Short-term bioassays with reference populations of the midge Chironomus riparius and the 

zebra mussel Dreissena polymorpha were performed simultaneously, using growth and 

filtration rate as sublethal parameters, respectively. Filtration rates of mussels seemed to be 

slightly inhibited by Meuse water in 1994 and 1995, although this was only significant in the 

first year. Apparently, even though this species is inhabiting the River Meuse, the water 

quality still causes sublethal effects. In contrast to the mussel, midges were less sensitive to 

Meuse water in laboratory experiments; growth inhibition was never observed, while in 

some experiments growth was even enhanced. In the period of testing, it was not possible 

to relate effects on macrofauna species in laboratory tests to individual substances in 

polluted river systems. Since the response of the test species was marginal, it is 

recommended to include more sensitive species as tested in the present study, especially in 

view of a general improvement of the water quality in the River Meuse. 
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Introduction 

The River Meuse has a large catchment area stretching from France through Belgium and 

The Netherlands (Fig. 2.1). Despite being a source of drinking water for millions of people 

in The Netherlands and Belgium, the river is polluted with hundreds of toxicants and 

organic waste. Industrial, agricultural and domestic wastes, in combination with modified 

habitats (due to canalization and construction of weirs) have had enormous impact on the 

species composition of the macrofauna community in the River Meuse (Admiraal et al., 

1993). Typical riverine species have disappeared during the past decades (Klink, 1985), 

and the species that presently inhabit this river, are considered to be pollution insensitive 

(Ketelaars and Frantzen 1995). 

Species composition of benthic communities has often been related to water quality (e.g. 

Maltby era/., 1995; Battegazzore and Renoldi 1995; Wilson 1994; Ketelaars and Frantzen 

1995; Bij de Vaate 1995). However, it remains unknown if the presence or absence of 

species is caused by the toxicant levels in the river, or by other factors, like modified 

habitats. E.g., Bournaud et al. (1996) found that the disappearance of Ephemeroptera and 

Trichoptera from the River Rhône was mainly due to water regulation, and only partly 

caused by contamination of the river. The aim of this study was to evaluate if macrofauna 

species are affected by the water quality of the River Meuse. To this purpose, the influence 

of water quality was separated from the influence of habitat modification, by testing the effects 

of river water on macrofauna species in laboratory bioassays. 

Two benthic macroinvertebrates that inhabit the catchment of the River Meuse have been 

selected: the zebra mussel Dreissena polymorpha and the midge Chironomus riparius. In 

1990 and 1991, bioassays performed with the zebra mussel Dreissena polymorpha 

showed that filtration rates were severely reduced after exposure to Meuse water (Kraak 

et ai, 1994a). In 1992 and 1993, this mussel species became much more abundant in the 

River Meuse than in previous years (Ketelaars and Frantzen, 1995). To evaluate if zebra 

mussels are still affected by the poor water quality, reference populations were tested under 

controlled conditions. Since C. riparius, in contrast to D. polymorpha, occurs even at 

heavily polluted sites (Postmaef a/., 1995; Evrard 1994), it was expected that the midge is 

more tolerant to contaminated conditions, as occur in the Meuse. Effects of Meuse water on 

filtration rates (mussel) and growth (midge) have been determined simultaneously in 

different seasons, since the water discharge, and hence the concentrations of contaminants, 

are known to be highly variable. Also, contamination of the River Meuse is known to be 

highest in the middle reaches (RIWA, 1996), and therefore, waters from upstream and 

downstream locations were compared. Attempts will be made to relate effects on midge 

growth to water quality parameters, measured in regular chemical monitoring by a Dutch 
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governmental institute (Institute for Inland Water Management and Waste Water Treatment). 

Materials and Methods 

Site description and sample dates 

Bioassays were conducted with water sampled at different locations along the River Meuse. 

In general, the river water is relatively clean upstream, in France (Pouilly-sur-Meuse: 

49°32'43" N, 5°06'25" E) and Belgium (Hastière: 50°13'00" N, 4°49'50" E). Just before 

the border between Belgium and The Netherlands, at Liège (50°43'10" N, 5°41'50" E), the 

river water becomes severely polluted. The water quality remains poor when passing the 

border at Eijsden (50°47'00" N, 5°42'50" E), but improves gradually downstream (Grave, 

51°45'43" N, 5°44'91" E) (Ketelaars and Frantzen 1995). A map of the catchment of the 

Meuse, including the sample sites, is presented in Fig. 2.1. Water samples were taken from 

the following locations along the River Meuse: Pouilly-sur-Meuse (PO), Hastière (HA), 

Liège (LI), Eijsden (EU), Grave (GR). 

The Netherlands 

Fig. 2.1: The catchment of the River Meuse, including the experimental sites where 

water was collected for laboratory assays on mussels and midges. GR = Grave, EU = 

Eijsden, LI = Liège, HA = Hastière, PO = Pouilly-sur-Meuse. 
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The experiments with mussels were carried out in weeks 15, 19 and 28 in 1994 and 

weeks 14, 15, 17, 18, 19, 28 and 34 in 1995. In these experiments, water from Eijsden 

was always tested. Meuse water from Grave was tested in weeks 14, 18, 19 and 28 of 

1995. The experiment with water from Pouilly-sur-Meuse, Hastière, Liège and Eijsden was 

sampled in week 17 of 1995. 

Experiments with midges were carried out in weeks 14,15,16,17,18,19, 34, 37, 41, 42 

of 1995. In these experiments, water from Eijsden was always tested. Meuse water from 

Grave was tested in weeks 14, 15,18, 19, 34, 37 and 41 of 1995. The experiment with 

water from Pouilly-sur-Meuse, Hastière, Liège and Eijsden was sampled in week 17 of 

1995. 

Immediately after transfer to the lab, the river and lake water were filtered (1.2 u.m). The 

water was kept in vessels in a dark room, at 4°C, until further use (2 days maximum). The 

pH of all samples taken in 1994 and 1995 varied between 7.5 and 8.4. 

Dreissena polymorpha 

Experiments using zebra mussels were performed according to Kraak er al. (1994b), with 

slight modification. Zebra mussels (D. polymorpha) were collected from Lake Markermeer 

(The Netherlands), a relatively clean site (Kraak et al., 1991). In the laboratory, the 

mussels were sorted by length (1.5-2.5 cm) and placed in glass aquaria (6 I), each 

aquarium containing 25 mussels and 3 I of filtered Lake Markermeer water (1.2 p.m). Water 

quality characteristics of Lake Markermeer water are described by Ivorra et al. (1995). 

The average length of the mussels in each experiment was equal for all treatments, and 

ranged from 1.75 (± 0.2) to 2.11 (± 0.1) cm. The water in the aquaria was aerated and 

kept at 15°C. The aquaria were covered with glass plates to prevent evaporation. A 16 : 8 

h light : dark regime was applied. 

The animals were allowed to acclimatize to the experimental set-up for one day, as has 

been proven to be sufficient by Kraak er al. (1994b). At the start of the experiment, each 

aquarium was supplied with 3 I treatment water. The water was renewed after 24 and 48 h. 

Each treatment consisted of 2 (1994) or 3 (1995) replicates per treatment. Lake 

Markermeer water was used as a control treatment. 

After 48 h, 60 mL of a continuous culture of the green alga Scenedesmus acuminatus was 

added to the water to measure filtration rates. The algae were cultured in Woods Hole 

medium. The density of the algal cells in the aquaria was approximately 20,000 cells/mL. 

The algal concentration decreased due to the filtration activity of the mussels. When the 

mussels started filtering, 5 min after addition of the algae, three water samples were taken (5 

mL). This was repeated 10 and 20 minutes after the first sampling. The concentration of 
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algae in the water was measured using a Coulter Counter. The filtration rate was calculated 

from the declining number of algae, using Coughlan's (1969) formula: 

M , Co 

in which 

m = volume of water filtered by D. polymorpha (mL/mussel/h) 

M = volume of water in the aquaria (3 I) 

n = number of mussels in each aquarium (25) 

t = duration of filtration measurement (h) 

Co = concentration of algae at the start of the filtration measurement 

Ct = concentration of algae after t hours 

Filtration rates of controls were always above 50 mL/mussel/h. The average filtration rates 

of controls was 95 (± 36) mL/mussel/h, which indicates that the mussels were in good 

condition (Kraak et al., 1994b). 

Chironomus riparius 

Midge larvae (C.riparius) were cultured in the laboratory, in glass aquaria with cages 

placed on top. The sediment was collected at a reference site (Oostvaarders Plassen) and 

the overlying water was Dutch Standard Water (DSW), a standardized synthetic analogue 

of common Dutch surface waters (Maas ef a/., 1993). The water was aerated, and oxygen 

saturated. The temperature in the controlled environment room was 20°C ±1°C, and a 16 

h light : 7 h dark regime was applied, with 30 minutes twilight before and after each light 

period. 

The methods for determining effects of toxicants were derived from Postma ef a/. (1995), 

who showed that toxic effects on growth can be well determined by measuring length of first 

instar midge larvae. An experimental treatment consisted of a glass jar (180 mL), supplied 

with 100 mL treatment water. At the start of the experiment, first instar larvae from at least 

three hatched egg ropes were distributed randomly with glass Pasteur pipettes over the 

different treatments, until each treatment contained 50 newly hatched first instar larvae. 

Food stock suspensions were made by adding Trouvit (5 g) and Tetraphyll (0.25 g) 

(commercial fish food) to 100 mL water of the corresponding treatment. Larvae were given 

food ad libitum (0.6 mL suspension). At the start of the experiment, the lengths of 10 first 

instars were measured using a binocular. After 96 h, length was measured of the surviving 

larvae. Growth of the individual larvae was calculated by subtracting the final length of each 

larva from the average initial length. The average initial length varied from 0.96 (± 0.07) to 

1.20 mm (± 0.05). Growth of control larvae was always between 1.4 (± 0.21) and 1.7 (± 
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0.52) mm, and mortality of the controls was always less than 10%. DSW and Lake 

Markermeer water were used as control treatments. The experiments were carried out in a 

controlled environment room under identical conditions as the laboratory culture of the 

larvae. 

It was calculated if growth data of C. riparius were correlated to water quality parameters, 

measured at Eijsden. At this site, the river water is frequently analyzed for 197 chemical 

and physical water quality parameters by the Institute for Inland Water Management and 

Waste Water Treatment (RIZA). Besides standard parameters, the selection of the 

measured variables is based on the (frequency of) appearance of elevated concentrations 

of a certain compound in the River Meuse. Some parameters are measured more 

frequently than others; measurements are performed daily, weekly or every four weeks. 

Consequently, not all parameters were determined on the sampling dates for the 

bioassays. It was tested if there was a correlation between the measured parameters and 

growth of C. riparius, if there were at least 5 paired observations. In total, 46 water quality 

parameters could be tested for correlation with growth: As, Cd, Cr, Cu, Fe, Ni, Pb, Zn, Ca, 

Cl, K, Mg, Na, atrazine, chloridazon, choline-esterase inhibitors, lindane, simazine, 

chloroform, di-isopropyl ether, ethylene dichloride, methyl chloroform, methylene blue 

active compounds, tetrachloroethene, trichloroethene, volatile and non volatile halogens, 

chlorophyll a, KjN, NH4, NO2, NO3, organic carbon, P, phaeophytine, PO4, Si02, SO4, 

suspended matter, ash residue, clarity, conductivity, O2, pH, temperature, water discharge. 

Statistics 

Filtration rates of zebra mussels and growth of midge larvae are presented as percentages 

of the corresponding controls, in order to make comparison of data overtime possible. The 

results were tested using one- or two-way ANOVA, when appropriate. When two 

treatments were compared, a student's t-test was applied. Correlations between chemical 

parameters and growth data were tested using Spearman's correlation test. 

Results 

Filtration rates of mussels exposed to water from Eijsden were lower in 1994 than in 1995 

(Fig. 2.2). In 1994, filtration rates were on average 48% inhibited, and in weeks 15 and 

28, filtration rates were significantly (p<0.05) lower than those of the controls. In 1995, 

filtration rates of mussels exposed to Eijsden water were not significantly lower than those of 

controls, although filtration rates on average were inhibited by 25%. When comparing the 

effects of river water from the two Dutch locations along the River Meuse, it seems that 

mussels filtered more algae in Grave water than in Eijsden water, although this is not 
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significant (Fig. 2.3). 
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Fig. 2.2: Filtration rates (with standard error) of Dreissena polymorphs after 48 h 

exposure to water from the River Meuse (at Eijsden). Experiments were performed in 

weeks 14, 15, 18, 19 and 28, in 1994 and 1995. Filtration rates are presented as 

percentages of the corresponding controls. "*" denotes a significant difference from 

controls (p<0.05). 
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Fig. 2.3: Filtration rates (with standard error) of Dreissena polymorpha after 48 h 

exposure to water from the River Meuse (at Eijsden and Grave). Experiments were 

performed in 1995. Filtration rates are presented as percentages of the corresponding 

controls. 
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Midges were not affected (week nr. 34, 41), or even grew significantly (p<0.05) more than 

controls (week 14, 15, 18, 19) in Meuse water from Eijsden and Grave (Fig. 2.4). A 

significant (p<0.05) enhancement of growth was observed in spring (weeks 14,15,18,19) 

in both treatment waters, the lengths of midges in Eijsden water being greater than in Grave 

water (p<0.05). The effects of both treatments were neutralized in weeks 34 and 41 (Fig. 

2.4). In week 37, a significant (p<0.05) decrease in growth of midges exposed to river 

water was observed. 

• Grave 
• Eijsden 

14 15 18 19 34 37 41 

week nr. 1995 

Fig. 2.4: Growth (with standard error) of Chironomus riparius after 96 h exposure to 

water from the River Meuse (at Eijsden and Grave). Experiments were performed in 

1995. Growth is presented as percentages of the corresponding controls, "a" denotes a 

significant difference from controls (p<0.05), "b" denotes a significant difference between 

Eijsden and Grave treatments (p<0.05), "c" denotes a significant between treatments, 

indicated by a non-parametrical test (p<0.05). 

In the weeks when mussels and midges were tested simultaneously, control midges as well 

as control mussels were exposed to Lake Markermeer water, to allow a direct comparison 

between the two bioassays. Zebra mussels performed significantly (p<0.05) worse in 

Eijsden water than the midge larvae, except in week 34, when growth of midges was not 

enhanced compared to controls (Fig. 2.5). 

When comparing effects of Meuse water from different locations on the zebra mussel and 

the midge larvae, sublethal effects did not differ significantly between the two species, except 

in the case of exposure to river water from Liège, in which the mussels performed 

significantly (p<0.05) worse than the midge (Fig. 2.6), 
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H midge 

15 18 19 

week nr. 1995 

Fig. 2.5: Growth of Chironomus riparius and filtration rates of Dreissena polymorpha 

(with standard error) after exposure to Eijsden water. The two species were tested 

simultaneously, at several weeks in 1995. Growth and filtration rates are presented as 

percentages of the controls (in Lake Markermeer water). "*" denotes a significant 

difference between species (p<0.05). 

c S E 

o o o 
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location 

Fig. 2.6: Growth of Chironomus riparius and filtration rates of Dreissena polymorpha 

(with standard error) after exposure to water from different sites along the River Meuse. 

Water sampled on 28/4/95. PO = Pouiliy (F), HA = Hastière (B), LI = Liège (B), EU = 

Eijsden (NL). Growth and filtration rates are presented as percentages of the controls (in 

Lake Markermeer water). "*" denotes a significant difference between species (p<0.05). 
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When growth data of midge larvae exposed to Eijsden water were related to chemical data, 

several significant correlations were found (Table 2.1). Midge growth was significantly 

(p<0.05) positively correlated with levels of di-isopropyl ether and methylene-blue-active 

compounds. Midge growth was significantly (p<0.05) negatively correlated with 

concentrations of nitrite, ammonium, nickel, phosphate and organic carbon. There is a 

positive trend in the variation in growth and water discharge, but this is not significant. 

Table 2.1: Growth of C. riparius (% control), after 96 h exposure to Meuse water (from 

Eijsden) in 10 bioassays throughout 1995, and 7 chemical parameters measured at the 

same time. DiPyEr = diisopropyl ether, Ni = nickel, OC = organic carbon, P04 = 

phosphate, N02 = nitrite, NH4 = ammonium, MBAC = methyl ethylene blue active 

compounds. All 7 compounds were significantly correlated to midge growth (Spearman's 

test). The water discharge (WD) is presented as well, this parameter was not 

significantly correlated to midge growth. 

week growth 

(%) 
Ni OC 

(mg/L) 

P04 

(mg/L) 

N02 

(mg/L) 

NH4 

(mg/L) 

DiPyEr MBAC 

(mg/L) 

WD 

(m3/s) 

14 135 2.0 2.31 76 0.05 0.10 543 
15 119 2.0 2.08 11 0.03 0.01 1.5 0.03 319 

16 124 2.0 2.16 100 0.06 0.16 357 

17 106 1.0 2.74 174 0.06 0.16 0.5 0.03 434 

18 119 2.0 2.59 99 0.05 0.14 363 

19 136 1.0 2.15 59 0.04 0.01 9.9 0.08 202 

34 90 2.5 3.12 436 0.21 1.06 25 

37 95 4.0 3.56 319 0.17 0.71 0.3 0.02 56 

41 99 2.3 4.13 157 0.09 0.25 1.4 0.03 87 

42 124 3.09 252 0.12 0.72 45 

corr. -0.73 -0.71 -0.69 -0.66 -0.63 0.90 0.89 ns 
values 

Discussion 

The water quality of the River Meuse still seems to inhibit the filtration rate of D. polymorphs 

to some extent, even though this mussel is presently widely distributed in the polluted 

reaches of the river (Ketelaars and Frantzen, 1995). However, it seems that the water 

quality of the River Meuse has improved compared to the early nineties (Kraak ef a/„ 

1994a). Trend analysis performed on chemical data of the Meuse, obtained between 1977 

and 1994, showed that concentrations of metals have decreased in recent years, but most 

other groups of contaminants showed no apparent trend over the years (Baggelaar and 
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Baggelaar, 1995). The observed improvement of the water quality, as determined by the 

mussel assay between 1994 and 1995, can partly be due to an increase of the water 

discharge and the consequent dilution of toxicants. This may indicate that the observed 

decrease in effects on the zebra mussel is not necessarily persistent in future. 

Bioassays conducted with planktonic microalgae in 1993, showed a decrease in growth 

after exposure to water from Liège and Eijsden, compared to Meuse water upstream and 

downstream from these locations (Tubbing etal., 1995). In agreement with these results, it 

was observed in the present study, that filtration rates of mussels were lowest when 

exposed to water from Liège, and performed worse in Eijsden water than in water from the 

downstream site Grave. Hence, although the degree of pollution may have changed, it 

seems that the Meuse is still most polluted in the middle reach of the river. 

Although not significant, mussels still seemed to be inhibited by Meuse water in 1995. The 

set-up of the filtration bioassays only allows duplicates or triplicate treatments, causing a low 

statistical power. Therefore, considering the improvement of water quality, the bioassays 

with zebra mussels may not be sensitive enough to monitor acute toxicity of Meuse water in 

the future, or a more sensitive test design should be selected. On the other hand, if the 

water quality improvement is reversing (e.g. in a year with less rainfall), this bioassay may 

be suitable for appliance. 

As expected, considering the field distribution of the species, the midges performed better in 

water from the River Meuse than the zebra mussels. Meuse water, sampled from different 

locations, and at different times throughout the year, had positive effects on C. riparius. 

Stimulating effects of polluted water on macrofauna have been reported before; growth and 

reproduction of daphnids were also enhanced in Meuse water (De Ruiter and Hendriks, 

1996). Comparable findings were observed by Dubé and Culp (1996) and Lowell et al. 

(1995), who studied effects of pulpmill effluents on chironomids and mayflies, respectively. 

Organic material can alter toxicity of many compounds; due to binding, bioavailability can 

be reduced (Kukkonen and Oikari, 1991; Pantani ef a/., 1995). However, other factors 

which can (over)compensate for the negative effects of toxicants present in the river water 

may play a role. Lowell ef a/. (1995) suggested that food quality may cause this stimulating 

effect, due to nutrients or changes in palatability, or there may be hormonal or other 

compounds present in the water, which may affect growth. There seemed to be a seasonal 

trend in response of midges to the river water. The enhanced effects on growth in 

springtime may be influenced by the dilution of toxicants due to a high water discharge 

and/or by improvements in food quality in this time of year. Although the river water was 

filtered in this study, it is possible that small particles passed through the filter, and midges 

could have been able to profit from this potential food source. This will be studied in future 
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experiments. It is concluded that the hypertrophic midge C. riparius is not a suitable species 

to assess adverse effects of pollution on macrofauna species, especially if the presence of 

toxicants coincides with organic enrichment. 

In general, there were more stimulating factors for C. riparius in Eijsden water than in 

Grave water, overcompensating for the higher toxicant levels at Eijsden. The opposite 

effect is observed when the zebra mussel was exposed to Meuse water; mussels generally 

performed better in Grave water than in water from Eijsden. It is possible that the factors that 

enhance midge growth have no or less positive effects on filtration rates of zebra mussels. 

However, the different response of the species to the two site waters could also be 

explained by a species-specific sensitivity to complex mixtures. When the mussel Anodonta 

imbecilis was exposed to effluent of a pulp mill, it was found to be more sensitive than the 

daphnid Ceriodaphnia dubia (McKinney and Wade, 1996). In contrast, in another study, 

when these species were subjected to a synthetic mine effluent, C. dubia was more 

sensitive than A. imbecilis (Masnado et al., 1995). The present observations on an 

arthropod and a bivalve at two sites are compatible with those of McKinney and Wade 

(1996) and Masnado ef ai. (1995), assuming that the River Meuse carries a different 

pollutant load at the two sites tested. 

Although 7 out of 46 measured parameters were significantly correlated with the growth of 

C. riparius, it seems that not any of them are individually causally related to midge growth. 

For instance, it is not likely that phosphate and organic carbon would inhibit growth, and 

that di-isopropyl ether and methylene-blue-active compounds would enhance growth; one 

would expect the opposite effect. Also, levels of nickel are so low (1-4 u,g/L), that it is 

unlikely that they would affect the midge larvae. Powlesland and George (1986) found that 

growth of C. riparius was not affected under 2.5 mg Ni/L. Levels of nitrite were also too low 

to expect a negative effect (30-210 u,g/L); Neumann ef a/. (1994) found that Chironomus 

piger was not affected by nitrite concentrations under 1 mg/L. Ammonium concentrations 

(10-1060 u,g/L) were also neglectable (Williams etal., 1986; Schubauer-Berigan era/. 

1995). Therefore, it is concluded that the observed differences in midge growth were 

apparently caused by multiple compounds, or by single compounds which were not 

measured. 

Even though many parameters were measured in the Meuse, these were not predictive for 

the (negative or positive) effect of the river water on macrofauna. Hendriks ef al. (1994) 

monitored the effect of concentrated water from the River Rhine on bacteria, and more than 

89% of the observed toxicity could not be attributed to identified compounds. Bioassays 

conducted with phytoplankton in 1993, indicated that growth rates were (slightly) inhibited 

by organic compounds in concentrated river water (Van Dijk ef al., 1995), however, it 
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remained unknown which (groups of) organic compounds were toxic, and if inorganic 

compounds were toxic as well. These findings suggest that it seems impossible to relate 

effects on aquatic macrofauna to individual substances in rivers with a complex pollution, 

unless a specific toxicant is present in exceptionally high concentrations. To assess the 

contribution of contaminants to the degradation of aquatic ecosystems, it is necessary to use 

ecotoxicological tests (bioassays) in addition to routine chemical measurements. This also 

holds for the River Meuse, where hundreds of compounds are present in the river water. 

However, in order to be effective, these (short-term) bioassays may need to include more 

sensitive species as tested in the present study. In current studies, sensitive riverine insects 

are being tested for application. 
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Chapter 

INTERACTING EFFECTS OF TOXICANTS AND ORGANIC MATTER ON THE MIDGE 

CHIRONOMUS RIPARIUS IN POLLUTED RIVER WATER 

Abstract 

Toxicants and organic matter in river water have contrasting impacts on macrofauna. 

Through manipulations of both factors, their interactive effects on organisms was evaluated. 

This way, an attempt was made to clarify the presence or absence of pollution "tolerant" 

and "sensitive" species in rivers affected by mixed sources of pollution. Under controlled 

conditions, larval growth of the "tolerant" midge Chironomus riparius was measured in 

different types of river water containing varying levels of particles (obtained by selective 

filtration) and toxicants (either complex mixtures or metals). Exposure of first instar larvae to 

water from the polluted rivers Meuse and Dommel showed that growth was less inhibited 

by toxicant levels in river water than expected based on laboratory toxicity tests. Factors 

present in polluted river water stimulated growth of midges to such an extent that inhibiting 

effects of high toxicant concentrations were neutralized, and at low toxicant levels, were 

overcompensated for. It was indicated that particulate matter has great potential to reduce 

inhibiting effects of toxicants on C. riparius, not (only) by reducing the bioavailability of 

toxicants, but by serving as a supplementary, superior food source. The success of the 

"pollution tolerant" midge was not explained by tolerance of this species to toxicants, but by 

its ability to take advantage of coinciding organic enrichment. It is hypothesized that the 

extent to which beneficial effects of organic compounds on organisms take place is species 

specific. 
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Introduction 

In many rivers pollution has caused a strong reduction in biodiversity. This ecological 

degradation has prompted measures to reduce pollution and, as a result, the water quality 

of some rivers, like the Rhine, has improved (Van Urk ef a/., 1989; Bij de Vaate and 

Oosterbroek, 1992; Admiraal ef al., 1993; Hendriks, 1994). In other rivers, like the Meuse, 

levels of dominant toxicants (like cadmium) have dropped, but low concentrations of 

hundreds of toxicants still coincide with organic waste (RIWA, 1996). In such polluted 

rivers, sensitive taxa have been observed to be replaced by tolerant taxa (Clements and 

Kiffney, 1994). Indeed, "sensitive" species are absent and "pollution tolerant" species are 

flourishing in the River Meuse (Ketelaars and Frantzen, 1995). Question is whether these 

"tolerant" species are indeed tolerant of high toxicant levels, or whether they take 

advantage of the high nutrient levels in the river water (Welch, 1980; Lanno ef a/., 1989; 

Barreiro Lozano and Pratt, 1994; Dubé and Culp, 1996; Stuijfzand etal, 1998), and/or 

profit from the absence of other species. The first two possibilities can be tested against the 

latter by performing experiments under controlled conditions. However, in many rivers, 

both toxicants and organic enrichment are closely interrelated (Thomas and Meybeck, 

1992; Renoldi etal., 1997), making it difficult to distinguish between the separate effects of 

these factors. In this study, an attempt was made to discriminate between the effects of 

toxicants and the effects of organic enrichment on macrofauna in river water, using the 

midge Chironomus riparius (Meigen) as a test species. Larval growth was measured in 

different types of river water containing varying levels of food (obtained by selective 

filtration) and toxicants (either complex mixtures; River Meuse or metal dominated; River 

Dommel). From these experimental observations a reconstruction of the (interacting) effects 

of food and toxicants can be made. Using this reconstruction, an attempt can then be made 

to clarify the presence or absence of pollution "tolerant" and "sensitive" species in rivers 

affected by mixed sources of pollution. 

Materials and Methods 

Site description 

The Meuse is a large European river flowing from France through Belgium and The 

Netherlands (Fig. 3.1). The middle and lower parts of the river are contaminated by 

industrial and municipal waste water (Admiraal etal., 1993). One of the major sources of 

pollution is located near the city of Liège, just upstream of the border between Belgium and 

The Netherlands. Experiments were performed with water sampled at Eijsden (EU), which 

is situated along the Meuse at the Dutch/Belgian border (50°47'00" N, 5°42'50" E). At this 

site, the water quality is affected by a wide variety of pollutants, as is indicated by chemical 
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analysis (RIWA, 1996) and macroinvertebrate communities are characterized by a low 

biodiversity (Ketelaars and Frantzen, 1995). 
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Fig. 3.1: Map of the River Meuse and its tributary the Dommel. EU: Eijsden; EGU: 

Eindergatloop Upstream; EGD: Eindergatloop Downstream. 

The River Dommel is a tributary of the River Meuse (Fig. 3.1). At the sampling site 

Eindergatloop upstream (EGU; 51°14'00" N, 5°25'30" E), the water is organically 

enriched by the upstream input of municipal waste water. A few hundred meters 

downstream of this site, water from a small inlet (Eindergatloop) flows into the Dommel. This 

water contains high levels of metals, caused by runoff from soil surrounding a zinc factory 

(Postma, 1995). Downstream of the junction between the Dommel and the Eindergatloop 

(EGD; 51°14'20" N, 5°25'23" E), organic enrichment coincides with high metal levels. 

Chironomus riparius 

Midges {Chironomus riparius) were cultured in the laboratory, in glass aquaria with cages 

placed on top. The sediment was collected at a reference site, the Oostvaarders Plassen, 

and the overlying water was Dutch Standard Water (DSW), a standardized synthetic 

analogue of common Dutch surface waters (Maas ef a/., 1993). The water was aerated, 

and oxygen saturated. The temperature in the climate room was 20°C ±1°C, and a 16 h 

light : 7 h dark regime was applied, with 30 minutes twilight before and after a light period. 

In culture the life cycle of C. riparius is completed in three weeks. 
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Experimental set-up 

At the start of each experiment, glass jars (180 mL) were supplied with 100 mL treatment 

water. Newly hatched, first instar larvae from at least 3 egg ropes were distributed 

randomly into the different treatments with Pasteur pipettes. Treatments consisted of 1 or 3 

replicates per treatment, and replicates consisted of 50 or 25 larvae, respectively. Larvae 

were given food ad libitum (0.6 mL). Food stock suspensions were made by adding 

Trouvit (5 g) and Tetraphyll (0.25 g) to 100 mL water of the corresponding treatment. The 

experiments were carried out in a controlled environment room under conditions identical 

to the midge culture mentioned above. 

At the start of each experiment, the lengths of 10 first instar larvae were measured using a 

binocular microscope. After 96 h, the lengths of the individual surviving larvae were 

measured. Growth was calculated by subtracting the average initial length from the final 

length of each larva. Growth of control larvae averaged 1.4 mm (±0.4 mm), and was 1.0 

mm minimum. Mortality of controls was always less than 20%. 

Experimental treatments 

Two types of experiments were performed: 

I. Experiments with water from the River Dommel (metal polluted, organically enriched). 

On September 19, 1995 and August 20, 1996, water was sampled at the locations 

Eindergatloop Upstream (EGU) and Eindergatloop Downstream (EGD). The river 

water was filtered (1.2 u,m; glass fibre Whatman GF/C). Zinc, cadmium and organic 

and inorganic carbon levels were measured in filtered river water, using flame-AAS, 

fumace-AAS and a carbon analyser (Table 3.1 ). DSW was used for controls. 

II. Experiments with fractions of Meuse water (complex mixture of organic and inorganic 

contaminants, organically enriched): 

a. Water from Eijsden (sampled on October 10 and November 14,1995 and June 24 

and August 12,1997) was not filtered (EU tot) or filtered (EU 1.2) using glass fibre 

Whatman GF/C filters. DSW was used for controls. 

b. Water from Eijsden (sampled on January 16 and January 30, 1996) was 

fractionated through filters of different pore sizes: 0.2 u_m (cellulose-acetate), 0.7 

u.m (glass fibre Whatman GF/F), 1.2 u.m (glass fiber Whatman GF/C), 10 u.m 

(nylon mesh). Also, untreated Eijsden water (tot) was tested. DSW was used for 

controls. 

c. Water from Eijsden (sampled on November 28 and December 5, 1995) was 

centrifuged. One treatment consisted of the supernatant (EU sup), while the pellet 

was added to DSW (DSW pell). One treatment consisted of untreated Eijsden 

water (EU tot). As a control, Eijsden water was centrifuged, and the pellet was 

resuspended in this water afterwards (EU pell). In addition, filtered Eijsden water 
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(1.2 u.m; Whatman GF/C) was tested (EU 1.2), in order to be able to compare the 

results with previous experiments. DSW was used for controls. 

Table 3.1: Concentrations of zinc (Zn), cadmium (Cd), organic carbon (OC) and 

inorganic carbon (IC) in filtered site water. <: below detection limit (0.1 u.g/L). Sites: EGU: 

Eindergatloop Upstream; EGD: Eindergatloop Downstream. Dates: 1: September 19, 

1995; 2: August 20, 1996. 

Sample Zn (ufl/L) Cd (ng/L) OCimg/L) IC(mg/L) 

EGU1 64 0.2 4.3 11.0 

EGD1 863 30.9 4.6 13.8 

EGU 2 31 < 5.7 13.0 

EGD 2 228 5.8 5.6 20.0 

Statistics 

The results were tested using one-way ANOVA, when appropriate. If inhomogeneity of 

variances was observed (Bartlett's test: p<0.05), a non-parametric test (Kruskall Wallis) 

was used. 

Results 

In organically rich Dommel water containing low toxicant levels (EGU), larvae showed 

enhanced growth (p<0.05) compared to controls (Fig. 3.2, light shaded bars); midges 

incubated in EGU 1 water even grew 44% more than controls. Downstream from the point 

source of metals, larvae grew to a size equal to (EGD 2) or slightly but significantly 

(p<0.05) less (EGD 1) than controls. Mortality in all treatments was low; even in river 

water containing the highest metal concentrations (EGD 1), 96% of the larvae survived. 

Growth data from the bioassays were compared to laboratory derived toxicity data for 

similar zinc and cadmium levels, calculated from Postma et al. (1995). The expected zinc 

and cadmium growth inhibition (Fig. 3.2, dark shaded bars) was determined by calculating 

a dose-response relationship for both metals according to Haanstra et al. (1985). The 

larvae used by Postma ef a/. (1995) originated from the same laboratory culture as the 

ones used in the present study, and the experimental set-up is similar to that from Postma 

ef a/. (1995). It is clear that the response of C. riparius to a toxicant in polluted river water 

is different from the response to similar toxicant levels in reference water. In EGD 1 water 

growth inhibition was only 15% while, based on the results of Postma ef a/. (1995), an 
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inhibition of 93% was expected (when assuming concentration additivity of zinc and 

cadmium). 
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Fig. 3.2: Growth (with standard error) of C. riparius after 96h exposure to Dommel 

water from Eindergatloop Upstream (EGU) and Eindergatloop Downstream (EGD). 

Numbers following site code refer to sampling dates. 1: September 19, 1995; 2: August 

20, 1996. Growth is presented as percentage of controls. Expected growth inhibition due 

to zinc and cadmium are calculated from growth toxicity data of Postma ef a/. (1995). 

The role of particulate matter in river water was evaluated by exposing C. riparius to 

Meuse water in the absence or presence of particles. In all four experiments midges 

performed better in Meuse water containing particles than in filtered river water (Kruskal 

Wallis, p<0.05), in which, on two of four sampling dates, midge larvae grew even less than 

in control water (DSW) (Fig. 3.3). To study the role of particulate organic matter in river 

water in more detail, C. riparius was exposed to different size fractions of suspended 

matter. Midge growth increased with increasing filter pore size and thus with increasing 

levels of suspended matter (Fig. 3.4). On January 16 1996, larvae subjected to Meuse 

water filtered through a 10 |j.m mesh and to unfiltered water grew significantly more than 

controls (p<0.05). 
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O 

D EU <1.2 
B EU tot 

17-Oct-95 14-NOV-95 24-Jun-97 12-Aug-97 

date 

Fig. 3.3: Growth (with standard error) of C. riparius after 96h exposure to Meuse water 

from Eijsden. River water was filtered (EU <1.2) or not filtered (tot). Growth is presented 

as percentage of corresponding controls. 

D 16-Jan-96 
B 30-Jan-96 

<0.2 <0.7 <1.2 <10 tot 

treatment 

Fig. 3.4: Growth (with standard error) of C. riparius after 96h exposure to Meuse water 

from Eijsden. River water was filtered over different pore sizes, or not filtered (tot). 

Growth is presented as percentage of corresponding controls. 
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In the previous experiments, controls differed from other treatments in medium (standard 

water vs. Meuse water) and food (standard food vs. standard food plus particles). In the 

next experiment the response of C. riparius to Meuse water and controls was determined, 

while in both treatments the same type of food was available. When a pellet from 

centrifuged Eijsden water was resuspended in reference water (DSW pell), growth was 

enhanced to the same extent (December 5, 1995) or even significantly (p<0.05) more 

(November 28, 1995) than in Eijsden water with particles (EU tot and EU pell) (Fig. 3.5). 

The response of C. riparius to the other treatments (Fig. 3.5) was consistent with the 

previous described results (Figs. 3.3 and 3.4); in all experiments in which the role of 

suspended matter was tested, growth was highest in Meuse water in which the particulate 

fraction was not removed. 

% 
o 

D 28-N0V-95 
• 5-Dec-95 

EU <1.2 EU sup EU tot EU pell DSW pell 

treatment 

Fig. 3.5: Growth (with standard error) of C. riparius after 96h exposure to Meuse water 

from Eijsden, sampled on November 28, 1995 and December 5,1995. River water was 

filtered (EU <1.2), centrifuged (EU sup: supernatant; EU pell: centrifuged Eijsden water 

with resuspended pellet; DSW pell: DSW with addition of pellet of centrifuged Eijsden 

water), or not filtered/centrifuged (EU tot). Growth is presented as percentage of 

corresponding controls. 

Discussion 

The results of the Dommel bioassays suggest that the succes of the "pollution tolerant" 

midge C. riparius is due to tolerance to high toxicant (in this case metals) concentrations. 
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However, this assumption proved to be untrue when comparing the sensitivity of the midge 

in Dommel water to its sensitivity to zinc and cadmium in laboratory toxicity tests. Although 

C. riparius is extremely tolerant of polluted river water, it is clearly not tolerant of the 

measured toxicant levels. Also for other species (e.g. water flea and fathead minnow; 

Diamond et al., 1997), it has been observed that the toxicity of a given metal in site water 

was lower than the toxicity of this metal in laboratory test water. Such differences in effects 

of a metal in different test solutions are often related to speciation (Pantani et al., 1995; 

Landrum et al., 1996). However, in spite of the fact that DSW and Dommel water differ, 

both types of water show similarities in ionic composition; Ca2+ levels in DSW and Dommel 

(at EGD) water were 55 and 46 mg/L, respectively. HCO^- concentrations were 85 and 

75 mg/L, and CI" levels 97 and 106 mg/L respectively (Maas ef a/., 1993; Tubbing ef a/., 

unpublished, respectively). In addition, especially in the case of zinc, speciation will hardly 

differ between the tested river waters and the reference waters; it has been observed that 

the speciation of zinc was approximately similar in several Dutch hard waters (Tubbing et 

al., unpublished). It is therefore concluded that although differences in speciation or 

composition between both waters play a role to some extent, this cannot explain the 

observed large difference between effects of metals in river water and reference water. 

Alternatively, food (in this case components of particulate organic matter) may be a 

significant factor determining the performance of C. riparius in site water. 

The experiments in which fractions of Meuse water were tested on C. riparius indicated 

that the midge could clearly profit from the presence of particulate matter. It was 

demonstrated that this "pollution tolerant" species can actually be inhibited by the prevailing 

water quality in the absence of particles. Therefore, the observed discrepancy between 

the performance of C. riparius in standard toxicity tests and in bioassays can for a 

significant part be explained by the presence or absence of particulate matter. 

The conclusion that particulate matter strongly enhances growth of C. riparius may be 

surprising because food was supplied ad libitum in all treatments. This implies that the 

quantity of the food provided was not a limiting factor, but that food quality was likely to play 

a significant role. This is illustrated by the observed high growth of C. riparius exposed in 

organically rich water from the upstream Dommel site. Similar results were found by Lowell 

et al. (1995), who observed that mayflies were stimulated by a pulp mill effluent while food 

was not limiting. In the present study, controls were only performing better than larvae 

exposed to river water when provided the same type of food. This observation supports 

the idea that toxicants in the dissolved fraction in Meuse water induce negative effects on 

the midge, but this was obscured in untreated river water due to the positive effects of 

particulate organic matter. 

The observed compensating effects can, however, not exclusively be attributed to 
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particulate organic matter. Growth was not (significantly) inhibited when midges were 

exposed to Meuse water without particles, implying that also in the dissolved fraction of the 

river water, there are factors which can compensate for possible negative effects of the 

present toxicants. Lowell et ai (1995) suggested that besides compounds like nutrients and 

hormonal substances, changes in payability may cause stimulating effects on macrofauna. 

It has been observed that growth of the chironomids C. riparius (Rasmussen, 1985) and 

Paratendipes albimanus (Ward and Cummins, 1979) was increased after enrichment of 

detritus by microflora. It is possible that microflora present in Eijsden water, which were 

absent in reference water, also positively affected midge growth. 

Although the the precise nature of the food stimulus in eutrophic river water remains 

unknown, it seems evident that its effect substantially enhances (on average >30%) growth 

of C. riparius (compared to growth in oligotrophic DSW). This positive effect occurs in 

eutrophic rivers with varying levels of pollution, as shown by the (over)compensation of 

toxic effects by food (organic enrichment). 

In river water toxicants are partly bound to particles (Thomas and Meybeck, 1992; 

Renoldi et ai, 1997). Therefore, in the present study, increasing particle levels should 

have coincided with an increasing amount of toxicants. Nevertheless, negative effects of 

toxicants bound to these particles were insignificant compared to the positive nutritional 

effects on C. riparius. Comparable observations were made when Daphnia magna was 

exposed to metals in untreated Meuse water (De Ruiter and Hendriks, 1996), while in 

contrast another study demonstrated that for D. magna, contaminants were more toxic 

when bound to particles than free in the aqueous phase in laboratory test water (Taylor ef 

ai, 1998). For C. riparius (and possibly to a lesser extent for D. magna), it seems that a 

stimulus caused by food is superimposed on toxic effects induced by dissolved and sorbed 

compounds. It is concluded from the present observations, that particulate matter in river 

water has great potential to reduce inhibiting effects of pollution on C. riparius, not (only) by 

reducing the bioavailability of toxicants, but by serving as a supplementary, superior food 

source. 

Nalepa and Landrum (1988) stated that species considered to be tolerant of pollution (in 

the ecological sense of being found in polluted areas) are not necessarily most tolerant of 

toxicants. As indicated in the present study, the success of a "pollution tolerant" test species 

is not explained by tolerance of this species to toxicants per se, but by its ability to take 

advantage of organic enrichment. While the sensitivity to different toxicants is known to be 

strongly species specific (e.g. Phippsefa/., 1995; Masnadoef ai, 1995 vs. McKinneyand 

Wade, 1996), the present study suggests that organic compounds present in river water 

have strong stimulating effects that are also likely to depend on species specific capacities. 

The combined effects of toxicants and food may therefore partly explain large 
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discrepancies between the distribution of species in the field, and the outcome of laboratory 

toxicity tests. 
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Chapter IV 

SPECIES SPECIFIC RESPONSES TO METALS IN ORGANICALLY ENRICHED 

RIVER WATER, WITH EMPHASIS ON EFFECTS OF HUMIC ACIDS 

Abstract 

Invertebrate communities in polluted rivers are often exposed to a wide variety of 

compounds. Due to complex interactions, "pollution tolerant" species are not necessarily the 

most tolerant species to toxicants tested under standard laboratory conditions. It was 

hypothesized that the distribution of species in polluted rivers is not only dependent on the 

tolerance of species to toxicants, but also on species specific capacities to modify or 

compensate for negative effects of toxicants. To test this hypothesis, species specific 

responses to metals in organically enriched river water were studied under controlled 

conditions. The zebra mussel Dreissena polymorpha and the midge Chironomus riparius 

were exposed to metal polluted water from the River Dommel. Additionally, the (interactive) 

effects of metals and humic acids (HA) on both species were evaluated. In spite of a lower 

tolerance of C. riparius to metals in laboratory studies, the midge was the most tolerant of 

the two test species to metal polluted site water. The results indicated that the sensitivities of 

the two test species determined in laboratory tests were inversely related to their 

sensitivities to polluted river water. In accordance with these results, midge larvae were 

protected from Cu toxicity by HA, while metal toxicity was not reduced (Cu) or even 

amplified (Cd) by HA for the zebra mussel. Thus, the presence of (naturally occurring) HA 

in site water may partly account for discrepancies between responses of species to 

bioassays and toxicity tests. It is suggested that these differences in responses to metals in 

site water are strongly influenced by species specific preferences for organic compounds 

(like HA). It is concluded that the response to organic compounds present in site water 

largely determines whether a species is classified as "pollution tolerant" or "pollution 

sensitive". 
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Introduction 

Rivers that surfer from anthropogenic disturbances often contain a wide variety of 

compounds that can have divergent effects on aquatic communities. Due to complex 

interactions, species observed to be tolerant to pollution in the field are not necessarily the 

most tolerant species to various chemical compounds tested under standard laboratory 

conditions (Nalepa and Landrum, 1988; Hickey and Vickers, 1994). For example, the 

"pollution tolerant" midge Chironomus riparius occurs in heavily metal contaminated rivers 

(Postma et at, 1995), while the zebra mussel Dreissena polymorpha has not been found 

at these sites. Laboratory toxicity tests, however, showed that zebra mussels are generally 

more tolerant to metals than C. riparius (Kraak et at, 1994 vs. Postma et ai, 1995). For C. 

riparius, the inconsistency between it's performance in toxicity tests and it's tolerance to 

polluted water has been demonstrated to be partly caused by a compensation of toxic 

effects by nutritional effects of particulate organic matter (Stuijfzand ef ai, subm.). The 

distribution of this "pollution tolerant" species is therefore partly explained by trophic 

preferences. 

Besides beneficial trophic effects of organic matter, organisms may benefit from a reduced 

bioavailability of toxicants. Several studies have indicated that sorbed or complexed 

toxicants are less toxic than the soluble compound (Allen ef at, 1980), due to reduced 

bioavailability (e.g. Nugegoda and Rainbow, 1988; Landrum et ai, 1996). However, this 

is not always the case; dissolved organic matter can either decrease or increase toxicity of 

metals and organic xenobiotics (Klein etat, 1995; Kukkonen, 1995). Humic acids (HA) are 

an important representative within the group of dissolved organic compounds. In the 

presence of HA, changes in toxicity of the essential metal copper (Cu) and the non

essential metal cadmium (Cd) were observed to be opposite for Daphnia magna (Oikari et 

al., 1992), demonstrating that the alteration of toxicity due to HA is metal specific. Hanstén et 

al. (1996), however, observed that for another species (Anodonta anatina) the effects of 

HA on both Cu and Cd were similar. It is unknown whether these differences in responses 

between species were caused by different test conditions or are due to species specific 

capacities to cope with metals in the presence of HA. In the present study it is hypothesized 

that aside from taxa sensitivity to toxicants, the distribution of species in polluted rivers 

depends on species specific capacities to modify or compensate for negative effects of 

toxicants. The response to organic compounds present in site water, like humic acids, may 

be essential in ranking pollution tolerant and pollution sensitive invertebrates. To test this 

hypothesis, species specific responses to metals in organically enriched river water were 

studied for the midge C. riparius and the zebra mussel D. polymorpha. In addition, the 

(interactive) effects of HA and metals on both species were tested, using growth and 

filtration rates as sublethal parameters, respectively. 
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Materials and methods 

Treatments 

Two types of experiments were performed: 

I Bioassays 

Mussels and midges were exposed to site water from the River Dommel in the laboratory. 

The River Dommel is organically enriched due to the input of municipal waste water. At a 

small inlet (Eindergatlloop) and further downstream, the Dommel becomes critically polluted 

with metals due to the presence of a zinc factory. The contamination of the Dommel is 

described into more detail by Postma (1995). Water samples were collected on August 20, 

1996, from the following locations along the Dommel: Eindergatloop Upstream (EGU; 

51°14'00" N, 5°25'30" E), Eindergatloop (EG; 51°14'00" N, 5°25'17" E), Neerpelt (NP; 

51°14'20" N, 5°25'23" E), Turfheide (TH; 51°15'40" N, 5°25'20" E). A map of the river 

Dommel, including the sample sites, is presented in Fig. 4.1. Immediately after transfer to the 

lab, the river water was filtered (1.2 u.m; glass fiber filter). The water was kept in vessels in 

a dark room, at 4°C, until further use (2 days maximum). 
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Fig. 4.1: Map of the River Dommel. EGU: Eindergatloop Upstream; EG: Eindergatloop, 

NP: Neerpelt, TH: Turfheide. 

After filtration, samples were taken for metal and (in)organic carbon analysis. Metal 

concentrations were measured using furnace (Cu, Cd) and flame (Zn, Fe) AAS (Perkin 

Elmer 5100PC and 1100B, respectively), and (in)organic carbon concentrations were 

measured using a TIC/TOC analyzer (Model 700 Ol Analytical) (Table 4.1). 

Dutch Standard Water (DSW) was used for controls. DSW is a standardized synthetic 

analogue of common Dutch surface waters (Maas et al., 1993). 
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Table 4.1: Concentrations of four metals, total organic carbon (TOC) and total inorganic 

carbon (TIC) in filtered site water. EGU: Eindergatloop Upstream; EG: Eindergatloop, NP: 

Neerpelt, TH: Turfheide. 

Treatment Cd (u.g/L) Zn (^g/L) Cu (u.g/L) Fe (u.g/L) TOC (mg/L) TIC (mg/L) 

EGU <0.1 31 5.2 302 5.7 13 

EG 11.5 463 5.6 102 5.8 33 

NP 3.3 228 5.8 248 5.6 20 

TH 0_2 84 17 158 5_0 21 

II Toxicity tests 

Mussels and midges were exposed in the laboratory to a metal (Cu or Cd) and/or to humic 

acids (HA), dissolved in standard water (DSW). The test species were subjected to the 

following treatments: DSW (control), HA, Cu, Cu+HA, Cd, Cd+HA. The concentration of HA 

(Aldrich) was 2.5 mg/l (nominal). Concentrations of metals (CuCl2 and CdCl2) were based 

on reported or derived EC50 values from similar tests with D. polymorpha and C. riparius 

(Kraak et al., 1994; Postma et al., 1995 resp.), or on pilot experiments (midge: Cu). Water 

samples were taken for furnace and flame AAS metal analysis as described below. Nominal 

and actual metal concentrations and EC50 values are listed in Table 4.2. 

Table 4.2: Nominal and average actual concentrations of Cd and Cu. EC50 values are 

given as well: *: Kraak er al., 1994; **: Postma er al., 1995, or ***: pilot experiment. 

species metal nominal cone. (M/L) actual 

metal 

cone. (|ig/L) 

metal + HA 

EC50 (ng/L) 

D. polymorpha Cd 500 410 416 388 * 

D. polymorpha Cu 50 23 25 41 * 

C. riparius Cd 60 43 43 59 ** 

C. riparius Cu 50 35 40 50 *** 

Dreissena polymorpha 

Effects of toxicants on filtration rates of D. polymorpha were determined according to Kraak 

et al. (1994). Zebra mussels (D. polymorpha) were collected from Lake Markermeer (The 

Netherlands), a relatively clean site (Kraak et al., 1991). In the laboratory, the mussels 

were sorted by length (1.5-2.5 cm) and placed in glass aquaria (6 I), each aquarium 

containing 25 mussels and 3I of DSW. The average length of the mussels in each 

experiment was equal for all treatments. Each treatment was carried out in triplicate. The 
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water in the aquaria was aerated and kept at 15°C. The aquaria were covered with glass 

plates to prevent evaporation. A 16 : 8 hr light : dark regime was applied. 

The animals were allowed to acclimatize to the experimental set-up for one day. At the start 

of the experiment, each aquarium was supplied with 3 I treatment water. The water was 

renewed after 24 and 48 h. During the toxicity tests, water samples for metal analysis were 

taken at the start of the experiment, and before and after renewal of the water. After 48 h, 

directly after renewal of the treatment water, 60 mL of a continuous culture of the green alga 

Scenedesmus acuminatus was added to the water to measure filtration rates. The density 

of the algal cells in the aquaria was approximately 20,000 cells/mL. The algal concentration 

decreased due to the filtration activity of the mussels. When the mussels started filtrating, 5 

min after addition of the algae, three water samples were taken (5 mL). This was repeated 

10 and 20 minutes after the first sampling. The concentration of algae in the water samples 

was measured using a Coulter Counter. The filtration rate was calculated from the declining 

number of algae, using Coughlan's (1969) formula: 

M , Co 
m=TT n ~ 

nt Ct 

in which 

m = volume of water filtered by D. polymorpha (mL/mussel/h) 

M = volume of water in the aquaria (31) 

n = number of mussels in each aquarium (25) 

t = duration of filtration measurement (h) 

Co = concentration of algae at the start of the filtration measurement 

Ct = concentration of algae after t hours 

Control mussels always filtrated more than 50 mL/mussel/h, and the average filtration rates 

of controls was 77.4 mL/mussel/h. No mortality occurred in the control group. 

Chironomus riparius 

The methods for determining effects of toxicants on C. riparius were derived from Postma et 

al. (1995). An experimental treatment consisted of a glass jar (180 mL), supplied with 100 

mL treatment water. Water samples for metal analysis were taken at the start and the end of 

the experiment. Treatments consisted of 3 (bioassay, Cd/HA toxicity test) or 2 (Cu/HA 

toxicity test) replicates. 

At the start of the experiment, first instar larvae from at least three newly hatched egg ropes 

were distributed randomly with glass Pasteur pipettes over the different treatments. The 

midge larvae originated from a laboratory culture (Stuijfzand ef a/., 1998). Each treatment 
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contained 15 (bioassay) or 20 (toxicity tests) first instar larvae. Food stock suspensions 

were made by adding Trouvit (5 g) and Tetraphyll (0.25 g) to 100 mL water of the 

corresponding treatment. Larvae were given food ad libitum (0.6 mL suspension). At the 

start of the experiment, the lengths of 15 first instars were measured using a binocular 

microscope. After 96 h, lengths were measured of the surviving larvae. Growth of the 

individual larvae was calculated by subtracting the final length of each larva from the 

average initial length. The average initial length per experiment varied from 1.09 (± 0.01) 

to 1.22 mm (± 0.02). Average growth of control larvae was between 0.90 (± 0.04) and 

2.13 (± 0.06) mm, and mortality in the controls was always less than 3%. The experiments 

were carried out in a climate room under identical conditions as the laboratory culture of the 

larvae. 

The results were tested using one-way ANOVA, when appropriate. When a significant 

difference was found, a Student Newman Keuls test was applied to indicate which groups 

differed from controls. If data were not homogenous or normally distributed, a non 

parametrical test (Kruskal Wallis) was performed. 

Results 

•2 S 2 - 60 
• D. polymorphs 
• C. riparius 

EGU 

location 

Fig. 4.2: Growth and filtration rate (with standard error) of C. riparius and D. polymorpha 

after exposure to Dommel water. See Fig. 4.1 for site codes. Growth and filtration rates 

presented as percentage of corresponding controls. Filtration rates in EG and NP water 

differed from controls (p<0.05). Midge growth differed significantly between treatments 

(Kruskal Wallis, p<0.05). 
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No mortality of D. polymorpha and C. riparius occurred in either the bioassays or the 

toxicity tests. Filtration rates of zebra mussels were, however, strongly inhibited (p<0.05) 

after exposure to water from the heavily polluted site Eindergatloop (EG), and this effect 

was equally severe (p<0.05) in water from the less polluted downstream site Neerpelt (NP) 

(Table 1, Fig. 4.2). Although not significant, filtration rates of mussels were slightly reduced 

(24%) by water from the upstream site (EGU) which contained only an elevated 

background concentration of Zn (Table 4.1). In contrast, only the most polluted water (EG) 

caused a minor decrease (21%) in midge growth, and the larvae were not inhibited by 

water from NP or the other sites compared to controls. 

The observed responses of both species to the site water were compared to their tolerance 

to the individual metals present in the river water (Table 4.3). Therefore, the expected 

inhibition of filtration rates and growth due to Zn and Cd was determined by calculating a 

dose-response relationship for both metals according to Haanstra et al. (1985), using 

toxicity data from Kraak et al. (1994) on mussels and Postma et al. (1995) on midges. 

These published toxicity tests using additions of Zn and Cd were carried out under similar 

Table 4.3: Actual inhibition (mean %) of test species in site water, and expected 

inhibition (%) due to individual metals (Zn, Cd) measured in site water. Expected values 

were calculated from toxicity data reported in Kraak ef a/., 1994 (*) and Postma et ai, 

1995 (**). A: D. polymorpha, B: C. riparius. 

location actual inhibition (%) expected inhibition (%) expected inhibition (%) 

filtration rate titration rate due to Zn* filtration rate due to Cd* 

EGU 24 <1 <1 

EG 81 4 <1 

NP 85 <1 <1 

TH 31 <1 <1 

B 

location actual inhibition (%) expected inhibition (%) expected inhibition (%) 

growth growth due to Zn** growth due to Cd** 

EGU -9 7 <1 

EG 21 48 11 

NP 0 33 3 

TH -2 16 <1 
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procedures as used in the present study. Based on the measured Zn and Cd 

concentrations in the river water, the expected inhibition of filtration rates of mussels was 

insignificant (4% at most) (Table 4.3A). Midge growth, on the other hand, was calculated to 

be strongly inhibited by Zn alone (48% in EG water) (Table 4.3B). These expectations are 

in sharp contrast with the actual reduction of filtration rates (up to 85%), while growth of C. 

riparius was not or only barely (21% at most) affected in site water (Table 4.3). 

D D.polymorpha 
M C. riparius 

Cu HA+Cu 

treatment 

Fig. 4.3: Growth and filtration rate (with standard error) of C. riparius and D. polymorpha 

after exposure to humic acids (HA) and/or Cu. Growth and filtration rates presented as 

percentage of corresponding controls. A significant difference in filtration rates was found 

between treatments (Kruskal Wallis, p<0.05), and for C. riparius, the Cu treatment differed 

significantly from controls (p<0.05). 

To gain more insight into the divergent réponses of D. polymorpha and C. riparius to metal 

polluted, organically enriched site water, standard tests were conducted in which a metal 

and/or humic acids were added to reference water. As mentioned above, two metals were 

selected that were reported to have opposing effects on biota in the presence of HA: Cu 

and Cd. Exposure to the EC50's of Cu for both species (Table 4.2) caused, as expected, a 

decrease in filtration rates (Kruskal Wallis, p<0.05) and growth (p<0.05) (Fig. 4.3). 

However, midge larvae experienced no adverse effect of Cu in the presence of HA. In 

contrast, in the presence of Cu and HA, filtration rates dropped to the same level (38%) as 

those of zebra mussels exposed to Cu alone (36%). 

Filtration rates of mussels seemed to be slightly inhibited (19%) in the presence of HA 

(Figs. 4.3 and 4.4), although this was not significant. The presence of Cd alone did also not 
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result in a significant reduction of filtration rates, even though the mussels were subjected to 

the EC50 of Cd in synthetic medium (Fig. 4.4). However, Cd plus HA reduced the filtration 

rates (66%) significantly (p<0.05). As in the previous experiment with Cu, C. riparius 

responded differently to the combination of Cd and HA than D. polymorpha. As expected, 

growth was reduced by Cd, but Cd toxicity remained unchanged in the presence of HA 

(Kruskall Wallis, p<0.05) (Fig. 4.4). 

D D. polymorpha 
H C. riparius 

Fig. 4.4: Growth and filtration rate (with standard error) of C. riparius and D. polymorpha 

after exposure to humic acids (HA) and/or Cd. Growth and filtration rates presented as 

percentage of corresponding controls. For D. polymorpha, the HA+Cd treatment differed 

significantly from controls (p<0.05), and a significant difference in growth was found 

between treatments (Kruskal Wallis, p<0.05) for C. riparius. 

Discussion 

The response of two test species, C. riparius and D. polymorpha, to water from the River 

Dommel could not be predicted from sensitivities to metals in synthetic water. Different 

performances of species in site water compared to standard water have been reported 

before (Giesy et ai, 1977; Diamond ef a/., 1997), and have often been attributed to 

variation in speciation of the test compound. A "Water Effect Ratio" is often applied to 

account for these differences between laboratory water and site water (Diamond et al., 

1997). Indeed, the results in the present study showed that naturally occurring compounds 

like humic acids (HA) altered metal toxicity for D. polymorpha and C. riparius. However, if 

speciation alone would play a role, it would be expected that the responses of different 
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species would alter in a similar way. This was not the case in the present study; metal 

toxicity was not reduced or increased for the zebra mussel, while larvae of C. riparius were 

not affected or even benefited from HA when metals were present. Likewise, midge larvae 

were less inhibited by polluted river water than expected from toxicity tests, while the 

inhibition of filtration rates was eminently stronger than expected. The metal sensitivities of 

the two test species determined in laboratory toxicity tests seemed to be even inversely 

related to their sensitivities to metal polluted river water. Therefore, the observed 

differences between effects of metals in site water and those in standard water cannot be 

ascribed to effects of speciation alone. 

In agreement with the results obtained with the midge, Diamond et al. (1997) reported that 

for the fathead minnow, metals (among which Cd) were less toxic in site water than in 

laboratory test water. Ceriodaphnia dubia, however, did not or barely benefit from changes 

in Cd toxicity in site water compared to synthetic water. In another study, Cd was observed 

to be much less toxic to the daphnid Simocephalus serrulatus in site water than in reference 

water, while the toxicity of Cd was similar in both waters for the fish Gambusia affinis (Giesy 

et al., 1977). Since the different responses of organisms to complex waters containing 

metals do not seem to be related to taxonomie groups (Diamond et al., 1997 vs. Giesy ef 

a/., 1977), it appears that modification of metallic effects in site water depends on species 

specific capacities. 

In the present study, the midge clearly benefited from compounds modifying metal toxicity, 

while zebra mussels were hampered by these compounds. The results imply that HA 

played a significant role in these different responses. The observed (species specific) 

effects of HA on the two test organisms suggest that (naturally occurring) HA in Dommel 

water may have amplified Cd toxicity and did not affect Cu toxicity for D. polymorpha, while 

for C. riparius Cd toxicity was not enhanced and Cu toxicity was even reduced. These 

species specific effects of HA may therefore partly explain the discrepancies found between 

responses of species in bioassays and toxicity tests. 

It may be hypothesized that the underlying mechanism for species specific responses to 

complex effluents is due to differences in uptake and elimination mechanisms. However, a 

pilot experiment with D. polymorpha showed that the accumulation of Cd was similar with or 

without addition of HA, in spite of a stronger reduction in filtration rates when Cd plus HA 

are present (data not published). Other studies on invertebrate species also pointed out that 

bioaccumulation cannot be directly translated into toxicity (Winner and Gauss, 1986; Besser 

et al, 1995; Rule and Alden, 1996). Hence, HA alter the toxic effects of metals, but this 

alteration does not (necessarily) seem to be related to increased or decreased metal 

accumulation. 
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Possibly, HA do not only interact with contaminants, but may also play a trophic role for 

invertebrate species. Dissolved organic matter (and possibly HA) can promote growth of 

macrofauna (Thomas, 1997). However, the present study did not clearly indicate that C. 

riparius could benefit from HA as a food source. Moreover, a decrease in filtration rates 

was observed when the mussel was exposed to DSW to which only HA were added. It 

has been reported that HA are potentially molluscicidal (Anya, 1992), however, toxic effects 

took place at much higher concentrations (1000 mg/L) than the concentration in the present 

study (2.5 mg/L). 

Filtration rates were inhibited by more than 20% by water from the upstream site, as was 

the case with HA alone. Morton (1971) observed that filtration rates of D. polymorphs 

decreased or increased in water from which particles (algae and bacteria) were removed. 

These alterations in filtration rates were not attributable to toxicants, but to either algal or 

bacterial emanations. Apparently, mussels discriminate between waters containing different 

natural compounds. It is possible that, in the present study, filtration rates of the zebra 

mussel were not optimal in upstream water (or water containing HA) due to the 

unfavourable "taste" of the water. Therefore, the observed adverse effect on filtration rates 

in the other treatments (containing high metal levels) may not per se be caused by toxicity, 

but to a combination of metal toxicity and other "unfavourable" conditions. Midges, on the 

other hand, did favour the (food) conditions in the Dommel. Therefore, the effect of toxicants 

on invertebrates is strongly influenced by the food conditions in aquatic systems. Since 

various types of organisms (with diverse feeding habits) are used for monitoring purposes, 

the strong impact of trophic conditions on the effect of toxicants on macrofauna species calls 

for an integration of a "food quality factor" into monitoring procedures. 

It is concluded that the response to organic compounds present in site water largely 

determines whether a species is classified as pollution tolerant or pollution sensitive. The 

distribution of species in polluted rivers depends on the tolerance of species to toxicants, but 

also on species specific capacities to modify or compensate for negative effects of toxicants. 
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Chapter V 

CADDISFLIES (TRICHOPTERA: HYDROPSYCHIDAE) USED FOR EVALUATING 

WATER QUALITY OF LARGE EUROPEAN RIVERS 

Abstract 

In many European rivers, biodiversity has declined dramatically, and especially riverine 

insects have disappeared during the past decades. It remains unclear whether poor water 

quality or deteriorated habitats are limiting the distribution of sensitive aquatic insects in these 

rivers. The aim of this study was therefore to find out if water quality alone is limiting the 

distribution of these insects in rivers that have suffered from anthropogenic disturbances. To 

this purpose, caddisflies of the genus Hydropsyche, which are representative riverine 

insect species, were incubated in two large European rivers, the Rhine and the Meuse. 

Survival of caddisflies in the River Rhine was fairly high, while there was almost no 

survival in the River Meuse in three out of five field experiments. The incubations of 

Hydropsyche in the River Meuse provide evidence that even adequate structural habitat 

would be insufficient for the re-establishment of Hydropsyche species. The factors limiting 

the distribution of Hydropsyche species change with the changing constitution of the water: 

there is not one (group of) compound(s) responsible for the poor water quality. Besides 

chemical factors, physical factors (like oxygen and current velocity) may be limiting in the 

River Meuse for Hydropsyche species. 
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Introduction 

In many European rivers, water quality as well as structural habitat have been affected 

tremendously during the past decades (Admiraal et al., 1993). Consequently, the 

biodiversity in these river ecosystems has declined dramatically, and especially riverine 

insects have disappeared (Bournaud etal., 1996). The return of several riverine insects to 

the River Rhine (Van Urk et al., 1990; Bij de Vaate and Oosterbroek, 1992) could 

therefore be seen as an indication of the improvement of the environmental conditions. 

There is, however, disagreement on which exact factors have improved to such an extent 

that the environmental demands were met for these riverine insects (Van Urk ef a/., 1993 

vs. Engels er al., 1996 vs. Neumann, 1990). In general, it remains unclear whether poor 

water quality or deteriorated habitats are limiting the distribution of sensitive aquatic insects 

in disturbed European rivers. Although studies on benthic community structure are accurate 

indicators of overall environmental conditions (Metcalfe, 1989; Roux etal., 1993), these 

studies are unable to distinguish between habitat quality and water quality. 

The aim of this study was to examine if water quality alone is limiting the distribution of 

riverine species in rivers which have suffered from anthropogenic disturbances. By 

incubating test species in experimental cages in the field, possible adverse effects of poor 

structural habitat will be excluded. In addition, the species are free of interspecific 

competition and/or prédation and other field complications due to crowding (Bitterman etal., 

1994). 

Caddisflies of the genus Hydropsyche, which are representative riverine insect species, 

were incubated in two large European rivers, the Rhine and Meuse. In spite of a 

substantial improvement of the water quality (Hendriks, 1994), only two Hydropsyche 

species have returned to the lower Rhine (Higler, 1995), while there were originally six 

Hydropsyche species inhabiting this river (Engels etal., 1996). Recently, some 

improvement of the water quality of the River Meuse was also indicated. In bioassays, 

performed in 1994 and 1995, Meuse water hardly affected the zebra mussel Dreissena 

polymorpha (Stuijfzand et al., 1998), whereas in the early nineties, filtration rates of this 

species were dramatically decreased when exposed to this river water (Kraak ef a/., 

1994). Nevertheless, the caddisfly genus Hydropsyche is rarely found in the polluted 

stretch of the River Meuse (Ketelaars and Frantzen, 1995), although it used to be widely 

distributed in this river (Klink, 1985). Therefore, Hydropsyche species were selected to 

gain insight into which factors hamper the distribution of aquatic insects in recovering large 

rivers. The zebra mussel Dreissena polymorpha was simultaneously tested, for 

comparison with previous results. 
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Materials and Methods 

Caddisfly larvae 

Caddisfly larvae of the genus Hydropsyche were collected in a tributary of the River Rhine, 

the River Erft (near Cologne, Germany). The larvae were removed gently from stones, 

and were placed on wet tissues in plastic containers (500 mL). Each box contained 25 

larvae at maximum. The containers were placed in a coolbox, which was kept cool with ice 

or frozen elements. During transportation from the River Erft to the laboratory, no mortality 

of the larvae occurred. 

current 

Fig. 5.1. Experimental set-up for in situ exposure of Hydropsyche larvae. The set-up 

was derived from Vuori (1995). 

Immediately after arrival, 120 (experiment A, B, C) or 180 (experiment D, E) fifth instar 

larvae were distributed randomly over 6 PVC tubes (length: 35 cm, 0 : 1 2 cm) (Fig. 5.1). 

In the last two experiments (D, E), 15 individuals of two Hydropsyche species were placed 

in each tube, separated by a septum. (The septum was placed parallel to the current flow.) 

After distributing the larvae over the tubes, the remaining collected larvae were kept in 

alcohol (70%), in order to definitively identify the caddisfly species afterwards (Table 5.1). It 

is assumed that the ratio between the identified species is representative for the exposed 

caddisfly larvae in the tubes. 

In the tubes, larvae were able to settle and build nets on artificial substrate (a plastic 

doormat, with bristles standing out). The tubes were placed in an aquarium, containing 

water from the River Erft. Gauze (mesh size: 1 mm) was placed at both ends of the tubes, in 

order to let the water flow through. The current flow in the aquarium was generated by 

aquarium pumps, and oxygen was supplied by airstones. Throughout the acclimation 
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period (4-6 days), the temperature was gradually adjusted to the temperature at the 

experimental sites. The temperatures of the Meuse and Rhine were approximately similar, 

and the temperature of the Erft was usually approximately 5° higher than in both rivers. 

The temperatures in Meuse and Rhine on the day of the start of the experiments varied 

from 4-21 °C. 

Table 5.1. Identification of Hydropsyche larvae collected in the River Erft (Germany) in 

1996. 

sample date 

A B C D E 

species 23-Feb 19-Apr 24-May 8-Aug 11-Dec 

H. angustipennis 86% 71% 48% 50% 

H. siltalai 100% 48% 

H. exocellata 14% 29% 2% 50% 

H. pellucidula 2% 

Table 5.2. Number of Hydropsyche larvae at the start of the experiments in 1996. 

start experiment 

A B C D E 

tube 27-Feb 23-Apr 28-May 14-Aug 

1 2 

16-Dec 

1 2 

Lobith I 20 19 20 15 13 15 15 

II 20 19 20 15 14 15 15 

III 20 19 20 13 15 15 15 

Eijsden I 20 19 20 12 16 15 15 

II 20 19 20 14 14 15 16 

III 20 19 20 16 14 15 15 

After the acclimation period, the larvae in the tubes were counted, and if there were dead 

larvae or pupae, these were removed. The actual numbers of larvae per tube, on the day 

of the start of the experiment, are listed in Table 5.2. There was almost no mortality, and in 

experiment D only, some larvae had turned to pupae during the acclimation period. Since 

most larvae had spun nets and built cases between the bristles during the acclimation 

period, it is assumed that the artificial substrate was sufficient for the caddisflies. 
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For in situ incubations, six tubes were transported in two coolboxes, containing Erft water. 

The temperature of the water was approximating the temperature at the experimental site. 

The transport time was 21/2 h for both river sites, and took place simultaneously. At the 

experimental site, the tubes were connected to a floating tube, by two metal pens (Fig. 5.1). 

This way, the larvae were kept at 65 cm depth. This experimental set-up was derived from 

Vuori (1995). The tubes were tied to the observation platforms of RIZA (the Institute for 

Inland Water Management and Waste Water Treatment) at Eijsden and Lobith, parallel to 

the water current. 

Survival was counted weekly. Besides the surviving larvae, the number of dead larvae 

were counted, as well as the number of pupae. The experiments lasted three weeks, or 

shorter, in case of extreme high mortality of either species at one of the experimental sites. 

Zebra mussels 

Zebra mussels (Dreissena polymorpha) were collected at Lake Markermeer (The 

Netherlands). The mussels were picked from stones, and transported in a bucket with Lake 

Markermeer water. Immediately after arrival in the laboratory, the lengths of the mussels 

were measured, ranging between 1.5 and 2.5 cm. The mussels were distributed over 8 

(experiment B) or 6 (experiment D,E) cages. Per experiment, the average length of the 

mussels did not differ between the cages. Cages consisted of two colanders ( 0 : 24 cm), 

which were placed on top of each other. In each cage, 20 mussels were placed on a tile. 

The tile was tied to the cage, in order to prevent movement. 

The cages were placed in aquaria, containing Lake Markermeer water. Oxygen was 

supplied by air stones. The mussels were allowed to acclimatize for 1-3 days, during which 

they were able to attach to the tiles. After the acclimation period, the mussels were counted. 

In all experiments, all mussels survived the acclimation period. The caged mussels were 

placed in polypropene containers, containing Lake Markermeer water, and were 

transported simultaneously with the caddisfly larvae. The cages were tied to the 

observation platforms of RIZA at Eijsden and Lobith. 

Survival was counted weekly. It was noted if dead animals had suffered from mechanical 

damage (broken shell). 

Site description 

Caddisfly larvae and zebra mussels were exposed in the rivers Meuse (at Eijsden, which 

is located at the Dutch/Belgian border) and Rhine (at Lobith, which is located at the 

Dutch/German border) (Fig. 5.2). 

71 



CHAPTER V 

Fig. 5.2. Map of the Dutch section of the rivers Rhine and Meuse, presented with the 

experimental sites Lobith and Eijsden, respectively. 

Both Meuse and Rhine are large rivers, but have several different characteristics. The 

Rhine has a higher water discharge than the Meuse (Table 5.3). The Rhine shows a 

higher conductivity; e.g., chloride and natrium levels are higher than in the Meuse. On the 

other hand, ammonium and phosphate levels are higher in the Meuse than in the Rhine. 

Xenobiotic contaminants like metals and pesticides also occur in higher concentrations in the 

Meuse. For a more detailed overview, see the yearly reports of RIWA (1997a; 1997b). 

At Eijsden and Lobith, a warning system is installed on observation platforms by RIZA. 

Detected elevated concentrations of toxicants or reductions of oxygen, measured during 

the period of testing, were provided by RIZA. Water discharge and current velocity data 

were provided by the Directorate-General of Public Works and Water Managemant 

(Limburg Directorate). It should be noted that the data reported by the alarming service of 

RIZA may deviate (to a small extent) from the data in Table 5.3, since the latter are data 

from a regular sampling program. 
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Table 5.3. Physical and chemical parameters measured in the River Meuse at Eijsden 

and in the River Rhine at Lobith in 1996 (RIWA 1997a; RIWA 1997b). 

Eijsden Lobith 

parameter n min. avg. max. n min. avg. max. 

water discharge (m3/s) 366 6 143 794 366 1010 1760 4360 

temperature (°C) 337 2.5 14.2 26.4 345 2.2 13.2 23.2 

dissolved oxygen (mg/L 02) 333 2.5 8.5 17.0 343 7.6 10.6 13.8 

suspended matter (mg/L) 361 < 12.4 150 362 2.9 28.4 120 

pH 343 7.19 7.54 8.06 348 7.37 7.80 8.07 

conductivity (mS/m) 342 28 50 74 349 51 92 128 

HC03 (mg/L) 12 120 172 232 13 149 172 205 

CI (mg/L) 341 18 49 109 366 71 157 259 

S04 (mg/L) 53 27 47 69 27 43 65 88 

Na (mg/L) 27 14 34 57 27 45 85 127 

K (mg/L) 27 2.8 4.6 6.5 25 4.2 6.1 7.6 

Ca (mg/L) 25 51 70 87 27 69 82 98 

total hardness (mmol/L) 25 1.49 2.06 2.53 27 2.13 2.51 2.99 

ammonium (mg/L N) 53 0.15 0.90 2.25 27 0.03 0.22 0.98 

nitrate (mg/L N) 53 0.93 2.92 5.11 27 2.26 3.59 4.77 

total phosphate (mg/L P) 53 0.20 0.47 1.20 27 0.13 0.22 0.51 

chlorophyll a (u,g/L) 52 1 12 72 26 < 9 57 

Cd (u.g/L) 51 0.03 0.41 2.45 26 < 0.07 0.16 

Cu (u.g/L) 52 1.8 5.0 15.9 26 2.3 5.2 7.0 

Zn (WJ/L) 40 < 73 660 21 2 27 78 

X6PAHBorneff(u.g/L) 6 0.03 0.09 0.17 7 0.05 0.08 0.12 

AMPA (u.g/L) 12 0.28 2.15 4.00 12 0.47 0.78 1.70 

atrazine (u.g/L) 13 0.05 0.18 0.48 14 0.03 0.05 0.10 

diuron (u.g/L) 14 < 0.22 1.00 14 < 0.05 0.12 

simazine (u.g/L) 13 0.01 0.07 0.30 14 < 0.02 0.08 

parathion-methyl (u.g/L) 12 < 0.09 1.00 14 < < 0.01 

Cholinesterase inhib. (ng parathion/L) 23 < 1.19 6.40 13 < 0.20 0.39 
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Results 

During the first incubation (A), carried out in February/March 1996, the survival of 

Hydropsyche larvae was very high: after three weeks in the River Rhine, 95% of the 

larvae was still alive (Fig. 5.3), and in good condition (the larvae were very vivid). There 

were no pupae. In the River Meuse, there was a slight, but significant decrease in the 

number of caddisfly larvae after 2 weeks (2-way ANOVA, p<0.05). During this period, 

there were no reports of alarming peak concentrations of toxicants in either river. 

D LO 
H EU 

Fig. 5.3. Survival (%, with standard error) of caddisflies during three weeks of incubation 

in the rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation 

period: 27/2/96-19/3/96. 

In experiment B, which took place in April/May 1996, 75% of the caddisfly larvae survived 

one week in the River Rhine (Fig. 5.4), and 33% of the surviving larvae had turned to 

pupae during this week. The ratio between H. angustipennis and H. exocellata was 

approximately equal to the ratio at the start of the experiment. In contrast, in the River 

Meuse, most of the larvae died (95%). The experiment in the Meuse coincided with 

elevated concentrations of several toxicants: diazinon (0.6 jig/L), diisopropylether (20 

jj,g/L) and ammonium (1-2 mg/L). In addition, the oxygen level was quite low during this 

week (2-3 mg/L), as well as the average water discharge (57 m.3/s). The (calculated) 

minimal current velocity was 12 cm/s. In the Rhine, no incidental discharges were 

measured. Oxygen was never limiting; in 1996, oxygen levels were always above 7.5 

mg/L (Table 5.3). 
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• dead 

• pupae 

D larvae 

location 

Fig. 5.4. Percentage of larvae, pupae, and dead caddisflies after 8 days incubation in the 

rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation 

period: 23/4/96-1/5/96. 

In experiment C (May/June 1996), 37% of the H. siltalai larvae died in the River Rhine, 

but still, 16% of the surviving caddisflies were found as pupae after one week (Fig. 5.5). In 

contrast, all specimens died in the River Meuse. There were elevated concentrations of 

diuron (1 ng/L) and trichloroethane (29.4 \iglL) measured during the incubation period in 

the Meuse, while no reports were made of peak contaminations in the Rhine. 

• dead 
• pupae 
• larvae 

LO EU 

location 

Fig. 5.5. Percentage of larvae, pupae, and dead caddisflies after 8 days incubation in the 

rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation 

period: 28/5/96-5/6/96. 
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In experiment D, which was carried out in August 1996, it was possible to compare the 

response of two Hydropsyche species, simultaneously exposed in the rivers. The survival 

of H. angustipennis in the Rhine (74%) was again slightly decreased, as in experiment B, 

and the survival of H. siltalai (62%) was again somewhat lower, as in experiment C (Fig. 

5.6). The ratio of larvae that had turned to pupae in the River Rhine was also similar to the 

previous two experiments (29 and 19%, resp.). However, the difference between the two 

species was not significant (t-test). No reports were made of incidental contaminations in the 

Rhine. In sharp contrast to the situation in the Rhine, both hydropsychid species did not 

survive one week in the River Meuse; again, complete mortality took place. The mortality of 

the caddisflies in the Meuse coincided with very low oxygen concentrations, which was 

only 1.7 mg/L on the first day of the experiment. In addition, elevated concentrations of 

ammonium (4.1 mg/L), diisopropylether (60 u.g/L), fluoride (1.3 mg/L), diuron (0.8 u.g/L) 

and numerous unidentified compounds were detected in this week. The average water 

discharge was only 38 m3/s, and the (calculated) minimal current velocity was 4 cm/s. 

• dead 
• pupae 
D larvae 

Fig. 5.6. Percentage of larvae, pupae, and dead caddisflies (ang: H. angustipennis, sil: 

H. siltalai) after 7 days incubation in the rivers Rhine and Meuse, at Lobith (LO) and 

Eijsden (EU), respectively. Incubation period: 14/8/96-21/8/96. 

The last experiment took place in winter (December 1996/January 1997), during which 

there were no incidental discharges reported in the River Rhine. In the Meuse however, 

coaltar residues (6 identified PAHs; in total 17.5 u,g/L) and unidentified contaminants (1-12 

mg/L) were measured three days before the start of the experiment. Nevertheless, the 

larvae survived very well at both sites (Fig. 5.7). Even after 3 weeks, the mortality of either 

H. angustipennis or H. exocellata was insignificant (0% and 6.7% in the River Rhine, and 

4.4% and 0% in the River Meuse, resp.). During the experiments there were no pupae, 
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which was most likely due to the low temperatures: the temperatures in both rivers had 

almost reached the freezing point. 

120 

100 

eu 
| 60 
3 
CO 

40 

20 

0 

..'%• 

D LOang 
0 LOexo 

• EU ang 
F3 EU exo 

0 14 21 
day 

Fig. 5.7. Survival (%, with standard error) of caddisflies (ang: H. angustipennis, exo: H. 

exocellata) during three weeks of incubation in the rivers Rhine and Meuse, at Lobith 

(LO) and Eijsden (EU), respectively. Incubation period: 16/12/96-6/1/97. 

Table 5.4. Survival (%) of D. polymorpha at the end of experiment B (1/5/96), D 

(21/8/96) and E (6/1/97), at Lobith (LO) and Eijsden (EU). 

experiment location survival (%) st. error 

B LO 99 1.3 

EU 99 1.3 

D LO 95 5.0 

EU 92 3.3 

E LO 97 3.3 

EU 83 4.4 

In all experiments in which zebra mussels were exposed simultaneously with the caddisfly 

larvae, the survival of the mussels in both the rivers Rhine and Meuse was very high 

(Table 5.4). After three weeks of incubation (experiment B), only 1 out of 80 mussels died 

in both Rhine and Meuse. The highest mortality was observed at Eijsden during 

experiment E. This mortality was mainly caused by mechanical damage, which was 

indicated by crushed shells. Apparently, the tiles in the mussel cages were still able to move 

to some extent, even though they were secured to the cages. Still, mussel survival was as 

high as 83% (Table 5.4). 
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Discussion 

Experimental considerations 

The experimental set-up used to incubate the caddisflies seemed to have no significant 

effect on survival, since Hydropsyche was in good condition in the River Rhine, even after 

three weeks of exposure. The survival of caddis larvae in experiments B, C and D was 

somewhat lower, which might indicate some stress in the set-up. However, in earlier studies 

in which a comparable device was used, a high survival of controls (H. angustipennis and 

H. siltalai) during experiments was observed (Vuori, 1995), suggesting that the 

experimental set-up was not limiting survival. This is supported by the observation in the 

present study, that a substantial part of the larvae had turned to pupae during the 

experiments, which might indicate they were in good condition. On the other hand, current 

velocities would have been reduced to some extent within the tubes, thereby reducing 

oxygen levels as well. Vuori (1995) observed a reduction in current velocities of 27% in 

the tubes compared to outside the tubes. These changes might have affected Hydropsyche. 

Still, in the River Rhine, these reductions should not have been a problem for Hydropsyche 

species, since the current velocities and oxygen concentrations were never limiting. This 

study showed, that the experimental set-up is not only suitable for headwater streams 

containing runoff from acid sulphate soils, as indicated by Vuori (1995), but is also suitable 

for large river systems, containing complex mixtures of toxicants. The great difference 

between responses of caddisflies in the Rhine and in the Meuse indicates that the caddisfly 

test is suitable to follow ecological recovery of disturbed rivers. 

Environmental conditions 

The field experiments showed a striking difference between the two large rivers: the 

conditions in the Rhine were always better than in the Meuse for Hydropsyche. Unlike the 

tests with caddisfly larvae, the zebra mussel test was not able to discriminate between the 

rivers Meuse and Rhine. In accordance with previously performed filtration rate bioassays 

(Stuijfzand et al., 1998), the mussels are no longer inhibited by the water quality of the 

River Meuse. The observations on the caddisfly mortality are in accordance with the 

distributions in the field: a few Hydropsyche species occur in the Rhine (Higler, 1995), but 

Hydropsyche species are seldom found in the polluted stretch of the River Meuse 

(Ketelaars and Frantzen, 1995), where the present experiments were carried out. 

Both H. angustipennis and H. exocellata inhabited the lower River Rhine in the beginning 

of the century, but have disappeared in the past decades (Higler and Tolkamp, 1983; 

Engels et al., 1996). Although in winter experiments the two species were doing well in the 

River Rhine, and both species occur in it's tributaries, they are still absent in the Rhine. It 

remains unknown why these species have not returned to this river. The observed (slight) 

reductions of the larval survival in April (H. angustipennis and H. exocellata) and August 
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(H. angustipennis) do not rule out that the water quality is limiting the distribution of these 

species in the Rhine. Even though this river is cleaner than the Meuse, it still carries 

chemical loads. On the other hand, the current habitat may not be sufficient for these 

caddisflies. 

The low survival of the caddisflies in the Meuse in the spring and summer of 1996, 

observed in this study, implies that even if structural habitat (substrates) would be optimized, 

this would not be sufficient for the maintenance of Hydropsyche in this river. It is therefore 

concluded that the water quality of the River Meuse are still limiting the distribution and 

maintenance of typical riverine species like Hydropsyche. 

Besides the constant limitations (in spring and summer) in polluted rivers like the Meuse, 

additional calamities may further affect macrofauna species. As indicated by the field 

experiment carried out in April, a calamity can wipe out a population in a short period of 

time. Especially species with a long life cycle, like caddisflies and mayflies, will take a long 

time to recover, recolonize and maintain populations in rivers frequently suffering from 

calamities. 

Species specific differences 

Contrary to H. exocellata, the survival of H. siltalai in the River Rhine seemed lower than 

that of H. angustipennis, suggesting that H. siltalai may be more sensitive to pollution. It has 

indeed been observed that H. siltalai is more sensitive to runoff from acid sulphate soils than 

H. angustipennis (Vuori 1995). Different responses between the tested species could also 

have been influenced by differing demands for oxygen levels and stream velocities 

(Philipson and Moorhouse, 1974). H. angustipennis is the least sensitive to low oxygen 

levels, followed by H. exocellata, while H. siltalai is most sensitive to oxygen deficits 

(Engels, 1997). It is difficult to classify the three caddisfly species on basis of tolerance to low 

current velocities, since there are large variations in observations (Tachet ef a/., 1992). 

However, H. siltalai is generally found in fast running streams (Higler and Tolkamp, 1983; 

Tachet etal., 1992; Joensuu and Vuori, 1993), while H. angustipennis can also endure 

low current velocities (Higler and Tolkamp, 1983; Tachet etal., 1992). H. exocellata is 

known as a downstream species (Higler and Tolkamp, 1983; Tachet etal., 1992). Based 

on these autecological observations, it seems that H. angustipennis is most tolerant to non-

riverine conditions (low current velocities, low oxygen levels), followed by H. exocellata, 

and then H. siltalai. These different requirements seem to be in accordance with the results 

obtained in the River Rhine. 

A literature study on toxicity data (in Aquire; updated to end 1996) showed that there is 

even less known about the sensitivities of the individual Hydropsyche species to toxicants 

than about autecological characteristics. Not one of the chemicals (9 in total) was tested on 

more than one Hydropsyche species used in this study, making it impossible to compare 

their sensitivities to toxicants. 
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Possible chemical and physical factors affecting caddisfly survival 

Because of the lack of toxicity data for Hydropsyche (on the compounds concerned), it 

remains difficult to point out the factors which had contributed to the high mortality of the 

caddisfly larvae in the River Meuse in spring and in summer, especially since mixture 

toxicity is likely to have occurred. Nevertheless, it is possible to link the decrease in survival 

to the extremes measured in the period of testing, using literature data on (other) 

macrofauna species. Although there were several elevated concentrations of toxicants 

measured in the River Meuse during experiment B, it is most likely that diazinon was one of 

the main causes of death. This insecticide is known to be extremely toxic at concentrations 

as occurred in the River Meuse (0.6 |ig/L), especially to arthropods (Van der Geest et al., 

1997). Molluscs are generally less sensitive to these concentrations (Van der Geest et al., 

1997), and indeed, D. polymorpha was unaffected by the exposure to Meuse water. The 

other two detected compounds, ammonia and diisopropylether, are not likely to have 

caused the observed mortality of Hydropsyche (Williams et al., 1986; Stuijfzand er al., 

1996). The measured oxygen levels were low, but not so low that mortality could be 

expected (Engels etat, 1996). Even if the current velocities and oxygen concentrations in 

the tubes were slightly lower than the concentrations measured in the River Meuse (see 

Experimental considerations), it is not likely that mortality took place due to these factors 

(Philipson and Moorhouse 1974). However, they may have decreased the condition of the 

larvae, thereby increasing the sensitivity to toxicants like diazinon. 

The complete mortality of H. siltalai in the River Meuse in experiment C can not be 

explained by the measured physical or chemical parameters. Both diuron (Knapek and 

Lakota 1974; Johnson and Finley 1980) and trichloroethane (Le Blanc 1980; Adema and 

Vink 1981; Richter et al. 1983) are not likely to be toxic at these concentrations. The 

observed mortality of H. angustipennis and H. siltalai in experiment D can also not be 

explained by the measured and identified chemical parameters (Knapek and Lakota 1974; 

Johnson and Finley 1980; Williams et al. 1986; Camargo et al. 1992; Stuijfzand et al. 

1996). However, it is likely that the low oxygen level has influenced survival. Philipson and 

Moorhouse (1974) observed a severe change in ventilation rates of H. angustipennis 

below 2 mg O2/L, at a current velocity of 2.5 cm/s. Negative effects were even more 

pronounced at high temperatures (Philipson and Moorhouse 1974). These conditions are 

comparable to the field conditions during the present experiment (which took place in 

August). Therefore, it is likely that the caddisflies died of hypoxia. 

The minimum water discharge (6 m^/s) in the River Meuse in 1996 was 132 times lower 

than the maximum discharge (794 m3/s). These fluctuations in discharge are caused by 

changes in rain fall, but are also influenced by dams, weirs (Admiraal et ai, 1993), and a 

hydro-electric power station which is situated just upstream of Eijsden. It is clear that such 
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fluctuations in water discharge have great impact on overall toxicity: firstly, the bulk of 

toxicants that are discharged into the river will be concentrated when the water discharge is 

low. When it is assumed that the daily bulk of toxicants is constant throughout the year, the 

concentration of toxicants would have been more than 7 times higher during the experiment 

carried out in August than during the experiment in March. Secondly, the lower the water 

discharge, the lower the stream velocity, the less favourable are the conditions for riverine 

insects. 

The field incubations have shown that even if structural habitat (in the form of substrates) 

would improve for riverine insects, these changes would not be sufficient for the survival of 

these insects. Oxygen levels are occasionally too low, and toxicant levels are still too high 

for hydropsychid caddisflies to return to the River Meuse and maintain stable populations. 
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Chapter VI 

VARIABLES DETERMINING THE IMPACT OF DIAZINON ON AQUATIC INSECTS: 

TAXON, DEVELOPMENTAL STAGE AND EXPOSURE TIME 

Abstract 

Several variables determine the impact of a pesticide on aquatic invertebrates. In this study, 

aquatic insects were subjected to the frequently occurring insecticide diazinon, analysing 

the variables taxon, developmental stage and exposure time. Effects of diazinon on the 

caddisfly Hydropsyche angustipennis and the midge Chironomus riparius were determined 

in the laboratory during different exposure times (48 and 96 h), using mortality, activity and 

growth as endpoints. Last instars of both species displayed a clear behavioural response at 

concentrations much lower than those affecting survival. Doubling the exposure time from 2 

to 4 days decreased survival of midges and caddisflies by a factor 1.4 - 8.4. The 96 h 

LC50's were: 1.3 u_g/L (caddisfly first instar), 29 u_g/L (caddisfly fifth instar), 23 ^ig/L (midge 

first instar) and 167 u.g/L (midge fourth instar). Within the spectrum of tested insects (9 

species of which 48h LC50 are reported in literature), H. angustipennis is the second most 

sensitive, and C. riparius the most tolerant species. However, the ranking of species 

strongly depends on the developmental stage; differences between species are often 

smaller than differences between instars of one species. The large difference in sensitivities 

between young and old larvae imply that the impact of a pesticide strongly depends on the 

season of occurrence. Runoff from pesticide applications on crops is more likely to occur in 

spring and summer, and may have a relatively greater impact on insect communities since 

young larvae prevail in these seasons. In addition recovery of typical riverine insects like 

H. angustipennis from incidental exposure will be slow, considering their relatively long life 

cycle. 
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Introduction 

Although many sources of water pollution have been reduced in the past years, the input of 

pesticides into the environment remains critically high (RIWA, 1997; Lennox et al., 1998). A 

part of the pesticides applied in agriculture runs off into surface waters (Larson et al., 1995), 

becoming a potential risk for aquatic life. In addition to agricultural input, pesticides are 

released into rivers as a result of urban use (Burkhard and Jenson, 1993; Larson etal., 

1995; Stamer and Wieczorek, 1996) and due to spills (Van Urk et al., 1993). Adverse 

effects of pesticides have been observed after chronic exposure to low pesticide 

concentrations (Schulz and Liess, 1995). In an international symposium reviewing the 

rehabilitation of the River Rhine, it was suggested that especially incidental spills are an 

important barrier for further improvement of the water quality (IKSR, 1996). Also in many 

other large rivers, "background" pesticide levels alternate regularly with concentration 

peaks (Van Meerendonk et al., 1994; Lennox ef al., 1998). In the present study, the 

impact of short-term exposure to relatively high levels of pesticides on macroinvertebrates 

will be determined, in order to gain insight into how effects of these hazardous compounds 

are expressed. 

There are several variables that determine the impact of a pesticide on invertebrate 

species. Sensitivity to toxicants is well known to differ between species, but much less well 

described is the variation due to developmental stage (Hutchinson etal., 1998). In addition, 

the response of an individual is largely determined by the exposure time to a toxicant 

(Anderson, 1989). Consequently, the susceptibility of a population may be largely 

determined by the timing and duration of pesticidal application (Van Wijngaarden, 1993). 

The aim of this study is to evaluate the impact of an insecticide on different species that are 

closely related to the "target species". Aquatic insects were subjected to the frequently 

occurring (Burkhard and Jenson, 1993; Stamer and Wieczorek, 1996) insecticide diazinon, 

taking the variables taxon, developmental stage and exposure time into account. Effects of 

diazinon on two insects that commonly occur in rivers, the caddisfly Hydropsyche 

angustipennis and the midge Chironomus riparius, were determined in the laboratory 

during different exposure times, using mortality, activity and growth as endpoints. The 

observations were compared to literature data to develop the means to evaluate the 

potential risk of highly variable insecticide exposures in surface waters. 
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Materials and Methods 

Chironomus riparius, first instars 

Newly hatched midge larvae were obtained from a laboratory culture (Stuijfzand et al., 

1998), and were distributed randomly in glass containers (180 mL), containing 110 mL of 

Dutch Standard Water (DSW). (DSW is a synthetic analogue of common Dutch surface 

waters (Maas et ai, 1993).) After addition of the larvae (25 per container), food was added 

ad libitum, by supplying 0.5 mL of a food suspension (5 g Trouvit and 0.25 g Tetraphyll in 

100 mL DSW) to each container. The containers were placed in an incubator, in which the 

temperature was kept at 20° C, and the light : dark regime was 16 : 8 h. The water was 

continuously aerated, and the containers were covered with plastic foil in order to prevent 

evaporation. The effects of diazinon on the midge larvae were determined after 48 h and 

96 h, in separate experiments. 

In the experiment which lasted 48 h, the following concentrations were tested in triplicate: 0, 

1, 3, 10, 30, 50, 70, 100 Lig diazinon/L DSW. During an exposure time of 96 h, the 

following concentrations were tested in triplicate: 0,10,15, 30, 50, 70 (ig diazinon/L DSW. 

Half an hour after addition of diazinon and at the end of the experiments, water samples (10 

mL) from each container were taken for analysis of actual diazinon concentrations. After 48 

h or after 96 h, survival and activity and growth of the larvae were determined. Activity was 

considered to be "normal" when larvae were swimming, fouraging or ventilating between 

rest periods, and swimming after a mechanical stimulus (touching them with a pipette). 

These larvae were easily distinguished from larvae displaying "abnormal" behaviour. The 

latter showed cramps, or were tightly curled, or showed almost no activity even after a 

mechanical stimulus. Growth was measured as well; at the start of each experiment, the 

lengths of 10 first instar larvae were measured using a binocular microscope. The average 

length of a newly hatched larvae was approximately 1 mm. At the termination of each study 

the lengths of the surviving larvae were measured. Growth was calculated by subtracting 

the average initial length from the final length of the individual larvae. Average growth of 

controls was always between 0.4 and 0.7 mm for the 48 h experiment, and between 1.0 

and 1.1 mm for the 96 h experiment. Mortality of controls was 7.4 ±1.4%. 

Chironomus riparius, fourth instars 

Six egg ropes, obtained from a laboratory culture of C. riparius (Stuijfzand et al., 1998), 

were added to an aquarium containing DSW and clean sediment. The hatched larvae 

were raised and after two weeks, fourth instar larvae (of identical age) were selected from 

this mini-culture. The fourth instars were distributed randomly in glass aquaria (1.5 L), so 

that each aquarium contained 30 larvae. Before addition of the larvae, each aquarium was 

supplied with 150 mL glass beads ( 0 : 2 mm) and 1 L of DSW. The larvae were fed ad 

libitum, by adding 1.5 mL of a Trouvit and Tetraphyll suspension (see above). The aquaria 
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were kept under identical conditions as mentioned above. The effects of diazinon on the 

midge larvae were determined after 48 h and 96 h, in separate experiments. 

In the experiment in which the exposure time was 48 h, the following concentrations were 

tested: 0, 30, 100, 150, 250, 350, 450 jag diazinon/L DSW. The concentrations tested 

during 96 h of exposure were: 0,10, 50, 100,150, 200, 300 u.g diazinon/L DSW. In both 

experiments, each treatment consisted of at least two replicates. Half an hour after addition 

of diazinon and at the end of the experiments, samples (10 mL) from each aquarium were 

taken for analysis of the actual diazinon concentrations in the water. After 48 h or 96 h, 

survival and activity of the larvae were determined, as described above. Mortality of control 

larvae was 1.9 ± 1.1%. 

Hydropsyche angustipennis, first instars 

First instar caddisfly larvae were obtained from a laboratory culture (Grève er al., 1998). 

Twelve day old larvae were distributed randomly in glass containers (180 mL), containing 

110 mL of DSW. Each container held 20 larvae. After addition of the larvae, 0.5 mL of a 

food suspension (2.5 g dried and pulverized nettle {Urtica) in 100 mL DSW) was supplied. 

The containers were placed in an incubator, in which the temperature was kept at 20°C, 

and the lightdark regime was 16:8 h. The water was aerated, and the containers were 

covered with plastic foil in order to pr.f diazinon on the caddisfly larvae were determined 

after 48 h and 96 h, in separate experiments. 

In the experiment which lasted 48 h, the following concentrations were tested in triplicate: 0, 

0.1, 0.3, 1, 3, 10 u,g diazinon/L DSW. During an exposure time of 96 h, the following 

concentrations were tested (at least in duplicate): 0, 0.1, 0.3, 1, 2, 3, 4, 6, 8, 10 u,g 

diazinon/L DSW. Half an hour after addition of diazinon and at the end of the experiments, 

water samples (10 mL) from each container were taken for analysis of the actual diazinon 

concentrations in the water. After 48 h or after 96 h, survival and activity of the larvae were 

determined. Activity was considered to be "normal" when larvae were fouraging, swimming 

or ventilating between rest periods, and behaving "agressively" after a mechanical stimulus 

(touching them with a pipette). These larvae were easily distinguished from larvae 

displaying "abnormal" behaviour. The latter showed cramps, or were tightly curled, or 

showed almost no activity even after a mechanical stimulance. Mortality of controls was 13 

± 2%. 

Hydropsyche angustipennis, fifth instars 

Fifth instar larvae were collected in the River Erft (near Cologne, Germany). Immediately 

after arrival in the laboratory, the larvae were distributed randomly in glass aquaria (1.5 L). 

Before adding the larvae, each aquarium was supplied with 150 mL glass beads ( 0 : 2 

mm) and 1 L of DSW. Each aquarium contained 10 larvae. The larvae were fed ad libitum, 

by adding 5 mL of an Urtica suspension (see above) to each aquarium. The aquaria were 
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kept under conditions as mentioned above. 

The effects of diazinon on the fifth instar caddisflies were determined after 48 h and 96 h 

within one experiment. The following concentrations were tested: 0, 10, 30, 90, 270 Lig 

diazinon/L DSW. There were four replicates of each treatment. Half an hour after addition of 

diazinon and after 48 and 96 h, samples (10 mL) from each aquarium were taken for 

analysis of the actual diazinon concentrations in the water. After 48 h, survival and activity 

of the larvae were determined. After determining survival and activity, dead larvae were 

removed, and the larvae were fed 5 mL of food suspension again. Survival and activity of 

the larvae were determined again 96 h after the start of the experiment. Mortality of controls 

was 5 ± 5%. 

Stock solution diazinon 

A stock solution containing diazinon (O, O-diethyl 0-[2-isopropyl-6-methyl-4-

pyrimidinyl]phosphorothioate; 99.7% purity, Luxan, Eist, The Netherlands) was made 

using a generator column technique, following Bleeker et al. (1998). The actual 

concentration of the stock solution was 60 mg diazinon/L DSW. 

Chemical analysis 

Water samples were extracted with distilled hexane thrice, after addition of an internal 

standard (50 uJ of 1.14 mg chlorpyriphos/L hexane). After extraction, the sample was 

concentrated by reducing the volume of hexane with nitrogen gas. Diazinon concentrations 

were measured by GC/MS (HP 5890), using a HP 5970 series Masse Selective Detector. 

The sample was injected cold on column (J&W Scientific, Folsom, CA, USA; type DB-5, 30 

m length, 0.32 mm internal diameter, 0.25 Lim film thickness) with helium gas as the carrier. 

The initial temperature was 80°C, the rate of temperature increase 20°C/min, and the final 

temperature was 274°C. The atomic mass unit selected was 304 for diazinon and 197 for 

chlorpyrifos. The actual diazinon concentration was determined by comparison with a 

standard containing a known diazinon concentration and internal standard concentration. 

Results 

Clear dose-response relationships between diazinon concentrations and survival of young 

larvae of both the midge and the caddisfly were observed (Fig. 6.1). The survival of the 

older larvae was more variable, but also decreased with increasing diazinon 

concentrations. From these dose-response relationships, LC50's and EC50's were 

calculated following Haanstra etat. (1985) (Table 6.1). It is clear that for both species, first 

instars die at much lower concentrations than last instars; the LC50's of young larvae were 

at least 7 times (midge) or even 23 to 84 times (caddisfly) lower than for older larvae 
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(Table 6.1). It is also apparent that survival of H. angustipennis is affected at lower 

concentrations than that of C. riparius, and hence, first instar caddisflies were the most 

sensitive to diazinon. 

120-

C. rip. 4th instar 
o — C. rip. 1st instar 

H. ang. 5th instar 
---A---- H. ang. 1st instar 

T 
1 10 100 

diazinon (u.gfl) 
1000 

Fig. 6.1: Effects of diazinon after 96 h exposure on survival of first and fourth instars of 

C. riparius and first and fifth instars of H. angustipennis. 

After 48 h of exposure, the LC50 for fourth instars of the midge C. riparius could not be 

calculated (Table 6.1) since almost all larvae had survived the highest dose of diazinon 

(268 u.g/L). However, a prolonged exposure time (to 96 h) led to mortality of more than 

50% at this concentration (Table 6.1, Fig. 6.1). Similar observations were made with last 

instars of H. angustipennis; the LC50 decreased more than 8 times after prolonged 

exposure to diazinon. The LC50's of younger instars also decreased after 96 h compared 

to after 48 h, but this reduction was less pronounced. 
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Sublethal and lethal effects of diazinon on first instars of C. riparius were observed at similar 

concentrations (Fig. 6.2, Table 6.1; it should be noted that growth and activity are a 

percentage of the amount of surviving larvae, while survival is a percentage of the number 

of larvae at t=0). Older larvae, however, displayed a clear behavioural response at 

concentrations much lower than those affecting survival. While no mortality took place at the 

highest concentration (268 u.g/L), the activity of the larvae was already affected at the 

lowest dose of diazinon (16 Lig/L). These changes in activity of fourth instars were 

observed at similar or even lower diazinon levels than those at which first instars suffered 

from lethal effects (Fig. 6.2, Table 6.1). 

0.1 

- • — survival 1st instar 
•-e—- growth 1st instar 

A survival 4th instar 
- - A - - - normal activity 4th instar 

10 100 
diazinon (u.g/L) 

1000 

Fig. 6.2: Effects of diazinon after 48 h exposure on survival and growth of first instars, 

and survival and activity of fourth instars of C. riparius. 
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As for the first instars of C. riparius, sublethal and lethal effects on young H. angustipennis 

larvae due to diazinon were observed at similar concentrations (Fig. 6.3). Like C. riparius, 

last instars of the caddisfly showed a severe behavioural response at much lower 

concentrations than those at which mortality was observed. However, these concentrations 

at which activity of fifth instars was affected still seemed higher than those at which survival 

and activity of first instar larvae were affected (Fig. 6.3, Table 6.1). 

— • — survival 1st instar 
-- - -o--- normal activity 1st instar 

survival 5th instar 
- — A - - - normal activity 5th instar 

1000 
diazinon (ug/l) 

Fig. 6.3: Effects of diazinon after 48 h exposure on survival and activity of first and fifth 

instars of H. angustipennis. 
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Table 6.1: LC50's and EC50's of diazinon for H. angustipennis and C. riparius. n.d.: not 

determined, *: could not be calculated. 

species instar exp. time parameter LC50 / EC50 (jug/L) 95% conf. limit 

H. angustipennis 1 48 mortality 2.9 2.2-3.9 

H. angustipennis 1 96 mortality 1.3 1.2-1.5 

H. angustipennis 1 48 activity 3.7 3.1 -4.4 

H. angustipennis 1 96 activity n.d. n.d. 

H. angustipennis 5 48 mortality 242.8 123.1 -478.9 

H. angustipennis 5 96 mortality 29.4 16.9-51.0 

H. angustipennis 5 48 activity 14.5 10.3-20.5 

H. angustipennis 5 96 activity 10.3 1.8-58.6 

C. riparius 48 mortality 32.0 30.0 - 34.1 

C. riparius 96 mortality 22.8 19.7-26.3 

C. riparius 48 activity 22.6 4.8-105.8 

C. riparius 96 activity * * 
C. riparius 48 growth 35.2 32.2 - 38.5 

C. riparius 96 growth 57.3 31.7-103.7 

C. riparius 4 48 mortality >268 * 
C. riparius 4 96 mortality 167.0 75.1 -371.5 

C. riparius 4 48 activity 19.9 7.6-51.9 

C. riparius 4 96 activity 17.9 15.9-20.2 

Discussion 

Pesticide sensitivity related to taxon, developmental stage and exposure time 

The results clearly showed that the caddisfly H. angustipennis is much more sensitive to 

diazinon than the midge C. riparius. Within the spectrum of tested insects, H. angustipennis 

larvae are the second most sensitive, and C. riparius the most tolerant species (Fig. 6.4). 

However, among all insect species tested so far, there is no relationship between 

taxonomical groups (order, family) and sensitivity to diazinon. This is illustrated by the 

observation that the most tolerant and the most sensitive insect both belong to the genus 

Chironomus. On the phylum level, however, a general pattern can be discerned. When 

comparing insects, crustaceans and gastropods, it is apparent that arthropods (the first two 

groups) are the most sensitive to this insecticide (Fig. 6.4). The insensitivity of molluscs to 

diazinon was also observed in pilot experiments with zebra mussels, in which filtration rates 

were not affected after exposure up to 1000 u.g/L (unpublished data). The available 

literature data on diazinon and the present study suggest that populations of arthropods like 

insects and crustaceans are likely to be the first macrofaunal groups damaged by diazinon 

discharges. 
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Fig. 6.4: 48 h LC50's of insects, crustaceans and gastropods, ranked according to 

sensitivity. References (from AQUIRE): C. tentans: Morgan, 1976, H. angustipennis: 

present study, C. dipterum: Nishiushi and Asano, 1979, C. riparius: present study, B. 

intermedius: Morgan, 1976, P. caiifornica: Cope, 1965, P. pallipes: Morgan, 1976, 0 . 

albistylum speciosum: Nishiushi and Asano, 1978, A. ruralis: Morgan, 1976, C. dubia 

and D. pulex: Ankley et ai, 1991, D. magna: Mitchell, 1985, G. pseudolimnaeus, H. 

azteca and G. lacustris: Morgan, 1976, A. hilgedorfi and P. fontinalis: Kikuchi ef a/., 

1992, P. acuta, S. libertina, C. malleata and /. exustus: Nishiushi and Yoshida, 1972. 

The results of the present study show that the ranking of species sensitivity is strongly 

dependent on the developmental stage; differences between species are often smaller than 

differences between instars of one species (Fig. 6.4). Of all reported 48 h LC50 values for 

insects, only in one case (Cloeon dipterum; Nishiushi and Asano, 1979) the age, weight or 

size of the test organism was mentioned. Given the strong dependency on the age or size 

in relation to the response of an organism as observed for both insect species in the 

present study, the (presented) ranking of sensitivity to diazinon using reported values is 

highly ambiguous. 

Differences in sensitivity to organophosphorous insecticides between species can be 

quantitatively explained by differences in acetylcholinesterase inhibition (Legierse, 1998). 
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Enzyme activities of chironomids are affected by organophosphorous insecticides (Ankley 

and Collyard, 1995; Ibrahim et ai, 1998), in contrast to those of the mollusc D. polymorpha 

(Dauberschmidt ef ai., 1997). Enzyme activities have also been observed to differ between 

developmental stages of insects (Ibrahim and Ottea, 1995), which may partly explain the 

differences in sensitivities to diazinon between first and last instars of one species. For fourth 

instars of C. riparius, acetylcholinesterase inhibition due to organophosphorous insecticides 

occurs at much lower concentrations than those at which mortality occurs (Ibrahim ef a/., 

1998), and this inhibition strongly correlates with alterations in behaviour (Detra and 

Collins, 1991). Consistent with these observations, we found severe changes in activity of 

last instars of C. riparius and H. angustipennis exposed to low diazinon concentrations, 

while no mortality occurred. 

Even a small increase in exposure time strongly increased toxicity to midges and 

caddisflies. Also for other pesticides, mortality was observed to increase with increasing 

exposure time (Länge ef a/., 1998; Legierse, 1998). In Fig. 6.5, an overview is given of 

macrofauna species that were exposed to diazinon at different exposure times (0-144 h). A 

steady decrease in LC50 occurs for all species with an increase in exposure time. Between 

48 and 96 h, the LC50's decrease on average by a factor 4.4 (± 5.0). The time 

dependency of effect concentrations is predicted by the pharmacological model of "target 

occupation" (Legierse, 1998). Another implication of this model is that lethal time increases 

with body size. The differences between responses of young and old larvae are consistent 

with Legierse's [19] model. However, the observed effects are not only size-related; fifth 

instar caddisflies are larger than fourth instar midges yet they are more sensitive than the 

latter. 

Aside from the present study, only one other study (Fernândez-Casalderrey ef a/., 1994) 

reported an LC50 as well as an EC50 of diazinon for an invertebrate species. They 

observed that for Daphnia magna the 5 h EC50 for filtration rates was twice lower (0.47 

ng/L) than the 24 h LC50 (0.9 |ig/L). However, even within a shorter exposure period (5 

h), EC50's for filtration rates were twice lower (0.47 jig/L) than this LC50. This is in 

accordance with the present study, showing that last instars of C. riparius and H. 

angustipennis underwent severe behavioural effects at concentrations well below those at 

which mortality occurred. Sublethal effects may not immediately result in death in laboratory 

tests, but chances for survival will become extremely low when these effects occur in the 

field situation, where inactivity results in drift (Liess ef ai., 1993) and the chance on 

prédation becomes higher. 
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Fig. 6.5: LC50's of different species related to exposure time to diazinon. The following 

taxa are presented: chironomids (Chironomus riparius: present study and C. tentans: 

Morgan, 1976), caddisflies (Hydropsyche angustipennis: present study and H. sparna: 

Morgan, 1976), a stonefly (Pteronarcys californica: Cope, 1965), mayflies (Cloeon 

dipterum: Nishiushi and Asano, 1979 and Paraleptophlebia pallipes: Morgan, 1976), a 

daphnid (Daphnia magna: Mitchell, 1985), gammarids (Gammarus iacustris, G. 

pseudolimnaeus and Hyaleila azteca: Morgan, 1976) and a gastropod (Giliia aitiiis: 

Robertson and Mazzella, 1989) (References from AQUIRE). 

Implications for macrofaunal populations in the field 

The great difference in sensitivities between young and old larvae implies that the impact of 

a pesticide strongly depends on the season of occurrence. Diazinon is an insecticide that 

commonly occurs in waters throughout the year (Burkhard and Jenson, 1993; Kuivila and 

Foe, 1995; Larson etat, 1995). In some rivers, however, elevated pesticide levels are 

only detected in certain seasons. In the River Meuse (The Netherlands, Europe), all 

pesticide incidents (32 in total, concentrations ranging from 0.1 to 4.8 u.g/1) during five 

consecutive years have been recorded in spring or summer (RIWA, 1993 -1997). Since 

young larvae are especially abundant in these seasons (Hickin, 1967), these incidents are 

likely to have strong impacts. This implies that in late April, a diazinon peak in the River 

Meuse (0.6 u.g/L; RIWA, 1997) had a greater impact on macrofauna populations than an 

incidental diazinon peak measured in February (1.1 u.g/L; Kuivila and Foe, 1995) in the 

San Joaquin River (Arizona, USA), although the levels during the latter incident were 
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almost twice as high. In order to evaluate environmental risks of pesticide incidents, it is 

recommended to consider data from toxicity tests on young specimens since these 

organisms are often in the most sensitive phase in the life cycle of species. 

In the River Meuse, 19 reports were made of incidental pesticide peaks during 1996 

(RIWA, 1997). High concentrations of diazinon were detected twice (up to 0.6 u_g/L; RIWA, 

1997). During one of those incidental diazinon peaks, almost complete mortality (95-99%) 

of hydropsychid caddisflies (Stuijfzand etal., 1999) and chironomids (data not published) 

occurred upon exposure to Meuse water. The results obtained in the present study 

suggest that these diazinon peaks had a severe impact on macrofauna communities in the 

Meuse. Unlike C. riparius, H. angustipennis has disappeared from the Meuse since 

industrialisation, and has not yet returned to this river (Klink, 1985). The high sensitivity of 

first instar caddisflies to diazinon suggests that, even in the absence of other toxicants, the 

number of young H. angustipennis larvae, if present at all, would have been reduced in 

the River Meuse after the incidental discharges of diazinon. 

Recovery of organisms after a pesticide peak depends on the taxon, the individual age or 

size, as well as on the length of the life cycle and other autecological characteristics (Van 

den Brink et al., 1996). Van Urk et al. (1993) reported that recovery of insects after the 

"Sandoz accident" (spills of several toxicants, among which organophosphorous 

insecticides) in the River Rhine took place after one or two generations. Univoltine species 

will take a longer period to recover than multivoltine species (e.g. Liess etal., 1993). 

Therefore, in addition to the negative effect of low diazinon concentrations, recovery of 

typical riverine insects like H. angustipennis will be slow, considering their relatively long life 

cycle. Since these species require stable conditions, they will not be able to maintain self-

sustaining populations in rivers that are often affected by anthropogenic disturbances (Van 

Urk ef a/., 1993). In conclusion, even if the prevailing water quality of large rivers (like the 

Meuse) improves, frequently occurring incidents will prevent the return of typical riverine 

insects like caddisflies. 
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Chapter VII 

CONCLUDING REMARKS 

The general aim of this study was to identify key factors of water quality determining the 

response of invertebrate species to polluted river water. It was evaluated if toxic barriers 

exist for indigenous species to re-establish in rivers in the process of sanitation, and which 

variables determine the response of "pollution tolerant" species to deteriorated conditions. 

The River Meuse was used in a case study. This section contains concluding remarks on 

the results of this study, by discussing 1.) how invertebrate species in disturbed rivers are 

affected by multiple stressors, 2.) which variables determine the ranking of species 

according to their sensitivity to pollution, and 3.) the relevance of the findings to river 

management. 

1. Multiple stressors 

In areas where industry and landuse are not very diverse, large rivers may "only" suffer 

from one or few kinds of pollution. For example, in a case study on the Scandinavian River 

Kyrönjoki, Vuori (1995) could relate mortality of hydropsychid caddisflies to the effects of 

acid sulphate runoff from soils. Also, Leslie (1998) related adverse effects on benthic 

populations to extreme chromium contamination in the Russian Chusovaya River. In many 

cases, however, large rivers run through areas with highly diverse industries and through 

cultivated land with different kinds of crops. Consequently, river water is polluted with a 

mixture of numerous pollutants from different sources. Only a relatively small part of such 

cocktails of pollutants can be identified, even if extensive monitoring programmes are 

carried out, like by the Dutch government on the Rivers Meuse and Rhine. Consequently, 

it is difficult to relate observed effects on organisms to specific compounds that occur in these 

rivers. In a study on the Rhine, Hendriks et al. (1994) monitored the effect of concentrated 

river water on daphnids, and attempted to relate the observed toxicity to compounds 

identified in the river water. Even though many chemicals were measured and many 

toxicity data on Daphnia magna exist, only 10% of the observed toxicity could be attributed 

to identified compounds. Also in the present study, effects of the river water on macrofauna 
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were not causally related to the measured compounds in 1995, even though many 

chemicals were analysed in the Meuse. During the field experiments with Hydropsyche 

caddisflies in 1996, various reports were made of strongly elevated toxicant levels in the 

River Meuse (RIWA, 1997a). On one occasion complete mortality was observed when 

elevated concentrations of numerous unidentified compounds were reported. These 

findings illustrate the difficulty to relate effects on aquatic macrofauna to individual substances 

in rivers with complex pollution, even when high concentrations of compounds are 

detected. 

Which stressors determine the response of species to pollution? Toxicants in a mixture can 

mutually influence toxicity {mixture toxicity), but there are also other abiotic and biotic stress 

factors that may modify toxic effects (multiple stressors). For example, oxygen can alter 

(bio)chemical reactions, which may modify negative effects of toxicants. Oxygen can also 

directly influence individuals; low oxygen levels may affect their condition, resulting in a 

higher vulnerability towards toxicants (Eriksson and Weeks, 1994). There are, however, 

also factors in polluted rivers that may positively interact with the response of organisms to 

toxicants. In the present study, midges were expected to be inhibited by the local toxicant 

levels, but actually showed stimulated growth during exposure to polluted site water. 

Positive effects of polluted river water on invertebrates have also been observed for 

daphnids in Meuse water (De Ruiter and Hendriks, 1996) and for species in rivers 

suffering from other mixed sources of pollution (Lowell etal., 1995; Dubé and Culp, 1996). 

How can these discrepancies between expected and actual performances of test species 

be explained? In all these studies, the input of toxicants coincided with an increase of 

nutrients or organic waste. It was demonstrated in the present study that for C. riparius 

particulate organic matter in river water reduces negative effects of pollution by serving as a 

supplementary, superior food source. This observation was recently confirmed by 

observations on C. riparius in Irish streams subject to complex pollution (Curran, 

unpublished). Thus, the input of nutritive compounds directly or indirectly mitigates or even 

completely masks the effects of toxicants for some species. This observation may lead to the 

conclusion that macrofauna species are not at risk as long as there is organic enrichment. 

However, the opposite effect may occur for species that are sensitive to organic waste 

products, as illustrated by the performance of D. polymorpha in polluted river water. The 

results of the present study suggest that filtration rates of the zebra mussel were inhibited by 

the unfavourable "taste" (due to organic waste) of the water. Hence, certain compounds 

can act as stressors for one species (type 1, Fig. 7.1), but may benefit another species 

(type 2, Fig. 7.1) under the same conditions. This implies that the reduction of 

eutrophication and organic pollution in rivers will have strong but divergent effects on 

macrofauna species. 

102 



CONCLUDING REMARKS 

60 

40 

20 

Ü 

£ o 
<u 

-20 

-40 

-60 

-80 

TFf 

reduction organic 
enrichment 

reduction organic 
enrichment 

D response due to chemical pollution 
• response due to organic enrichment 
• combined response 

typel type 2 

Fig. 7.1: Hypothetical response of macrofauna specimens under toxic stress after 

reduction of organic enrichment. See text for explanation. 

It has been argued (Diamond ef a/., 1997) to apply a factor to correct for differences in 

bioavailability, in order to account for differences between effects of toxicants in standard 

laboratory tests and effects in site water. However, the present study demonstrated that 

such a "correction factor", applicable to a case of pollution with a single toxicant, is not 

appropriate to predict the in situ response of an organism to pollution, because mostly 

multiple factors (like oxygen and organic enrichment) affect the response of organisms to 

toxicants. A species specific response to multiple toxicant stress is a further obstacle to 

predict realistically the consequences of pollution. 

2. Ranking of species sensitivity 

How is the ranking of species sensitivity to pollution determined? Classifications of pollution 

"tolerant" and "sensitive" species are often based on the occurrence of species in the field. 

The ranking order of sensitivity to pollution that follows from these classifications seems 

analogous to observations under (semi-)controlled conditions reported in this study. This 

order of sensitivity can, however, not be deduced from standard toxicity tests: species 

considered to be tolerant of pollution in field surveys are not necessarily most tolerant of 

toxicants. For example, "pollution tolerant" species (the crustacean Paracalliope fluviatilis 

and snail Potamopyrgus antipodarum) were more sensitive to the (natural) toxicant 
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ammonia than "pollution sensitive" species like mayflies (Zephlebia dentata) and stoneflies 

{Zealandobius furcillatus) (Hickey and Vickers, 1994). Accordingly, C. riparius (present 

study) and Daphnia magna (De Ruiter and Hendriks, 1996) seemed not be affected by the 

pollution levels in the Meuse while both species appear more sensitive in toxicity tests. D. 

polymorpha, on the other hand, performed worse in Meuse water than expected from 

toxicity tests. 

Which factors contribute to the observed inconsistencies between rankings of species 

sensitivities in the laboratory and rankings based on field observations? First, chemical 

water quality characteristics (other than toxicants) play a role: as discussed above, certain 

compounds can act as stressors for one species, but may benefit another species under the 

same conditions. Second, physical water quality characteristics co-determine the 

occurrence of populations. Field observations indicate that characteristic riverine insects, 

like caddisflies, mayflies and stoneflies require current flow and high oxygen levels. Due to 

water abstractions subsequent falls in current velocities and oxygen levels occur. As a 

result, especially riverine species become more vulnerable to pollution than species that 

are generalistic. Third, life cycle characteristics play a significant role in determining the 

occurrence of populations in the field. The present study demonstrated that responses of 

aquatic insects to pollution are strongly determined by their developmental stage; 

differences in sensivity were observed to be larger between instars of one species than 

between different species. Also, the length of a species' life cycle is likely to determine the 

effect of pollution on populations in the field. For species that are univoltine, frequent 

chemical discharges are disastrous because it will take at least a year before the number of 

individuals will increase again. Indeed, riverine species like stoneflies, caddisflies and 

mayflies have been observed to take longer to recover from a disturbance than e.g. 

dipteran species, as demonstrated for many case studies (Fig. 7.2). Hence, characteristic 

riverine species are not only likely to be more affected by deteriorated water quality than 

generalistic species, their populations are also more susceptible because of their long life 

cycles. 

Clearly, there are many species specific factors that may alter the response of an organism 

to deteriorated water quality, making it difficult to classify a species as tolerant or sensitive to 

specific compounds or other stress factors. The present study has identified several factors 

which determine the response of organisms to complex pollution. To further clarify the 

ranking of sensitivity to pollution as observed in the field, future research should focus on 

species' responses to multiple stressors rather than to establish more dose response 

relationships for single compounds. 
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Fig. 7.2: Median recovery times of macroinvertebrate densities after disturbances (either 

chemical or physical) in rivers. The total number of reviewed publications are given. 

Data from Niemi ef a/. (1990). 

3. Relevance and Implications for River Management 

Ecotoxicological barriers for rehabilitation of the River Meuse 

In 1994, a treaty was signed by France, The Netherlands and the Belgian regions of 

Wallonia, Flanders and Brussels to co-operate in the protection of the River Meuse 

(Anonymous, 1994). Furthermore, an international report on the water quality and 

ecological state of this river has been issued recently (ICBM, 1997). An outline of an action 

programme for the Meuse (MAP) is expected to be reviewed by the governments of the 

countries involved. However, an international action plan for rehabilitation has still not 

initiated, and more insight into the complexity of problems is required to organize a 

coordinated approach. 

In the present study it was evaluated if toxic barriers exist for indigenous species to re

establish in rivers in the process of sanitation, and which variables determine the response 

of "pollution tolerant" species to deteriorated conditions. Bioassays showed that the water 

quality of this river has improved in recent years, yet sublethal effects were still occasionally 

observed on invertebrate species upon exposure to Meuse water in 1994 and 1995 

{Chapter II), even when no incidental discharges were reported. In situ incubations of 

caddisflies showed that recovery of riverine macrofauna species is mostly hampered by 

incidental pollution, and less so by the prevailing water quality {Chapter V). This implies 
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that investments being made to improve the "overall" water quality may be (temporarily) 

annulled by a single serious incident. Incidents are not only caused by chemical 

compounds, but may also be due to oxygen limitations; especially in summer, oxygen 

concentrations are frequently extremely low in the Meuse. 

Incidents were also pointed out as potential barriers to the rehabilitation of the River Rhine 

(IKSR, 1996), although the level of pollution differs from the Meuse (Baggelaar and 

Baggelaar, 1995). Even though the water quality of the Rhine has improved substantially, 

incidents are still being reported (Huijserand Wiersma, 1995; RIWA, 1997b). Regularand 

incidental agricultural input have a major influence on the water quality of the Rhine (IKSR, 

1996). This is consistent with the occurrence of pesticide peaks in the Meuse during 

springtime. The occasional wipe-out of aquatic insects, as was observed in April 1996 

{Chapter V), underlines the impact of pesticidal effects. However, in contrast to the Rhine, 

the sources or compounds that have a (major) effect on the water quality of the Meuse 

vary in the course of time. 

There are indications that not only chemical factors play an important role in the Meuse, but 

also anthropogenic alterations of morphology and hydrology hamper the return of sensitive 

macrofauna species, and thus ecological recovery (Chapter V). There are plans to restore 

habitat structures along the River Meuse. However, these mostly concern the enlargement 

of space for the river to meander and to prevent flooding (Anonymous, 1996; Marchand 

and Bresser, 1997). It is suggested that the prevention of unnaturally strong discharge 

fluctuations and a shortage of water due to water abstractions (by hydro-electric power 

stations; Chapter V) should be included in environmental plans. 

Assessment of river water quality 

Both in The Netherlands and abroad, there is a tradition of setting water quality standards 

for individual compounds on the basis of the outcome of standard laboratory toxicity tests. 

Several comments can be made on this approach (Van Leeuwen and Hermens, 1995; 

Marchand and Bresser, 1997). For example, the effective toxicity and therefore the 

environmental risk of a compound is related to bioavailability. In this project, experiments 

have shown that toxicants and organic enrichment interact strongly. Bioassays have 

indicated that the toxicity of a compound can be masked by suspended particles for 

eutrophic species like the midge Chironomus riparius (Chapter III). However, effects of 

interactions between organic enrichment and toxicants can differ between species. Some 

species may be able to benefit from organic compounds (like C. riparius), while other 

species may not. For example, the zebra mussel D. polymorpha was observed to be more 

sensitive to metal polluted river water than was expected from laboratory toxicity tests 

(Chapter IV). This implies that the relative sensitivities of species determined in laboratory 

toxicity tests may even be inversely related to their sensitivities to polluted river water. 

These observations suggest a strategy to evaluate a water system using chemically 
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defined water quality standards as well as direct biological assessments. Therefore, test 

species should be exposed to the total of compounds present in a river by incubating them 

in the river water {Chapters ll-V). 

The argumentation above leads to the conclusion that the selection of test species is crucial 

when assessing river water quality. An assessment should be based on the sensitivity of 

species which are representative for the river in question. A study on the river forelands of 

the River Waal (the main branch of the River Rhine in The Netherlands) indicated that the 

sediment was heavily polluted with oil. However, the selected test species were not 

sensitive to the contamination (Hendriks et ai, 1997), while characteristic riverine species 

might have been. In the Meuse and Rhine, the waterflea Daphnia magna is currently used 

to monitor the water quality. However, this species does not occur in large rivers. Toxic 

effects on D. magna do not necessarily imply that indigenous species are affected, and vice 

versa. Therefore, it is suggested that when a specific water system is being evaluated, the 

sensitivity of representative species should be taken into account. The present study shows 

that caddisflies are suitable species for the rivers Meuse and Rhine. 

Dutch standards for water quality are based on existing toxicity data, and are applied for all 

aquatic systems. The sensitivities of riverine species to toxicants are, however, seldomly 

tested in toxicity tests. Consequently, it is unknown which levels of toxicants would be 

hazardous for these species. To account for differences in sensitivity between species 

(including species that are not tested) the short-term water quality standard (Maximum 

Permissible Concentration: MPC) is extrapolated from the test results of standard laboratory 

toxicity tests by means of a statistical model with an arbitrary cut-off value set at a protection 

level of 95% of the species, or (in case only few toxicity data are available) by applying a 

standard safety factor on the most sensitive test result. To account for possible effects due to 

combination toxicity, a long term water quality standard (Target Value) is calculated as 

1/100 of the MPC (Van Leeuwen and Hermens, 1995). Therefore, the applied approach 

seems to be safe for the aquatic fauna in general, and it may even be argued that this 

system for setting water quality standards is overprotective. For example, the standard for 

diazinon is 0.4 ng/L (Anonymous, 1997), which is 3250 times below the 96 h LC50 of 

diazinon for Hydropsyche angustipennis. However, Schulz and Liess (1995) found that 

emergence rates of caddisflies reduced after exposure to the insecticide lindane at 

concentrations below the Dutch "safe" standards. Ideally, water systems should be 

evaluated using regional standards, based on sensitivities of characteristic species. Since 

this may not be practical, an alternative would be to assess river water quality using 

existing standards and, if necessary, modify the evaluation using monitoring studies with 

characteristic species. This way, species that occur (or used to occur) in a specific water 

system are sufficiently protected, and environmental risks are not under- or overestimated. 
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Key species 

The "AMOEBA" (A general Method Of Ecological and Biological Asessment) uses a 

number of selected animal and plant species to represent the present state and the future 

scenario of Dutch aquatic systems. The AMOEBA for rivers originally consisted of 12 

vertebrates and 5 macroinvertebrates (among which the caddisfly Hydropsyche) (Admiraal 

er al., 1993), which are characteristic for a river ecosystem. Recently, adjustments have 

been made to this concept (Anonymous, 1996). The number of species has been 

enlarged, and a shift towards species which are more "appealing" has taken place. 

Currently, 90% of the selected animal AMOEBA species consists of vertebrates (birds, fish, 

mammals), and only 10% of invertebrates (one midge and one dragonfly species). This is 

peculiar, since it is being recognized that especially macrofauna communities are limited by 

the water quality of the River Meuse (Anonymous, 1996). This recognition, and the fact that 

the state and succession of macrofauna communities is relatively easy to monitor, lead to 

the premise that in particular macrofauna species are suitable for monitoring purposes. 

Based on this argumentation, and the observations made in this project (Chapter V), it is 

postulated that characteristic river insects like the caddisfly Hydropsyche are essential for 

monitoring ecological rehabilitation of the River Meuse, and therefore, these species should 

be added to the selection of AMOEBA species. 

Summary of the recommendations 

- River water quality should be assessed using characteristic riverine species, so that 

species that occur (or used to occur) in this water system are sufficiently protected, and 

environmental risks are not under- or overestimated. Ideally, this holds for monitoring 

studies as well as for the setting of water quality standards. 

- Characteristic river insects like the caddisfly Hydropsyche are essential for monitoring 

ecological rehabilitation of the River Meuse, and therefore, these species should be 

added to the selection of AMOEBA species. 

- Investments made to improve the water quality of the River Meuse, should focus on the 

prevention of incidents, next to the efforts to improve the "overall" water quality. 

- Because of the interaction of organic enrichment and toxicants a coordinated reduction of 

both groups of pollutants is recommended. 

- The prevention of unnaturally strong water discharge fluctuations due to water 

abstractions (by hydro-electric power stations) should be included in environmental 

plans. 
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SUMMARY 

The aim of this study was to identify which key factors of water quality determine the 

response of macrofauna species to polluted river water. It was evaluated if toxic barriers 

exist for indigenous species to re-establish in rivers in the process of sanitation, and which 

variables determine the response of "pollution tolerant" species to deteriorated conditions. 

Three macrofauna test species that are supposed to differ in pollution tolerance were 

selected: the caddisfly Hydropsyche angustipennis ("relatively sensitive"), the zebra mussel 

Dreissena polymorpha ("intermediately tolerant") and the midge Chironomus riparius 

("tolerant"). The River Meuse has hardly shown signs of ecological recovery in recent 

years and therefore this river was used in a case study. 

During 1994 and 1995, it was evaluated whether the water of the Meuse directly affects 

macrofauna species (Chapter II). To this purpose, the "intermediately tolerant" zebra 

mussel D. polymorpha and the "tolerant" midge C. riparius were kept in Meuse water 

under controlled conditions. Effects of Meuse water on filtration rates (mussel) and growth 

(midge) were determined simultaneously. Water was sampled along different sites and in 

different seasons, as the pollution level is highly variable along the stream and throughout 

the year. Filtration rates of mussels seemed to be only slightly inhibited by the water quality 

of the Meuse, while in previous years (1990 and 1991) filtration rates were strongly 

decreased. The better performance of D. polymorpha in 1994 and 1995 may be an 

indication of improvement of the water quality of the Meuse. In contrast to the zebra mussel, 

midges were less sensitive to Meuse water; growth inhibition never occurred, and 

enhanced growth was observed frequently. The results indicated that the classification of 

the midge as a pollution tolerant species and the zebra mussel as an intermediately tolerant 

species holds when water quality alone is considered. In Chapters III and IV it was 

evaluated which factors determine the success of species in polluted rivers. 

One of the questions in this study was whether "pollution tolerant" species are tolerant of 

toxicant levels, or whether they take advantage of the high nutrient levels in the river water, 

In many rivers, both toxicants and organic enrichment are closely interrelated, making it 

difficult to distinguish between the effects of the separate factors. In Chapter III, an attempt 

was made to discern the effects of toxicants and the effects of organic enrichment on 

macrofauna in river water, using the midge C. riparius as a test species. Larval growth of 

the "tolerant" midge was measured in different types of river water containing varying levels 

of particles (obtained by selective filtration) and toxicants (either complex mixtures or 



metals). Exposure of first instar larvae to water from the polluted Rivers Meuse and 

Dommel showed that growth was less inhibited by toxicant levels in river water than 

expected based on laboratory toxicity tests. Factors present in polluted river water 

stimulated growth of midges to such an extent that inhibiting effects of high toxicant 

concentrations were neutralized, and at low toxicant levels, were overcompensated for. It 

was indicated that particulate matter has great potential to reduce inhibiting effects of 

toxicants on C. riparius, not (only) by reducing the bioavailability of toxicants, but by 

serving as a supplementary, superior food source. The success of the "pollution tolerant" 

midge was not explained by tolerance of this species to toxicants, but by its ability to take 

advantage of coinciding organic enrichment. It was suggested that the extent to which 

beneficial effects of organic compounds take place are likely to be species specific. 

Following the results of Chapter III, it was hypothesized in Chapter /1/that, in addition to 

species specific sensitivities to toxicants, the persistence of species in polluted rivers 

depends on species specific capacities to modify or compensate for negative effects of 

toxicants. The response to organic compounds present in site water, like humic acids (HA), 

may be essential in ranking pollution tolerant and pollution sensitive invertebrates. The 

zebra mussel D. polymorpha and the midge C. riparius were exposed to metal polluted 

water from the River Dommel. Additionally, the responses of both species to metals in the 

presence and absence of organic matter (HA) were compared in laboratory tests. In spite 

of a lower tolerance of C. riparius to metals in laboratory studies, the midge was the most 

tolerant of the two test species to metal polluted site water. The results indicated that the 

sensitivities of the two test species determined in laboratory tests were inversely related to 

their sensitivities to polluted river water. In accordance with these results, midge larvae 

were protected from Cu toxicity by HA, while metal toxicity was not reduced or even 

amplified by HA for the zebra mussel. Thus, the presence of HA in site water may partly 

account for discrepancies between responses of species to field bioassays and laboratory 

toxicity tests. It was suggested that these differences in responses to metals in site water are 

strongly influenced by species specific interactions with organic compounds (like HA). It is 

concluded that the response to organic compounds present in site water largely determines 

whether a species is classified as "pollution tolerant" or "pollution sensitive". 

Following the indicated water quality improvement {Chapter II), it was determined in 1996 

whether ecotoxicological barriers exist in the River Meuse for characteristic riverine insect 

species {Chapter V). To this purpose, caddisflies of the genus Hydropsyche were 

incubated in cages in the Meuse and their survival and development were monitored. A 

comparison was made with incubations in the River Rhine in which populations of some 

caddisfly species have re-established. Survival of caddisflies in the River Rhine was fairly 

high, while there was almost no survival in the River Meuse in three out of five field 
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experiments. The incubations of Hydropsyche in the River Meuse provide evidence that 

even adequate structural habitat would be insufficient for the re-establishment of 

Hydropsyche species. Chemical factors (like pesticides, but also unidentified compounds) as 

well as physical factors (like oxygen and current velocity) are likely to be limiting in the 

River Meuse for Hydropsyche species. 

According to the results in the preceeding chapters and the high incidence of chemical spills 

in recent years, it was suggested that insecticides may be an important barrier for insect life 

in the Meuse. There are several variables that determine the impact of an insecticide on 

invertebrates. In Chapter VI, aquatic insects were subjected to the frequently occurring 

insecticide diazinon, taking the variables taxon, developmental stage and exposure time 

into account. Effects of diazinon on the caddisfly H. angustipennis and the midge C. riparius 

were determined in the laboratory during different exposure times, using mortality, activity 

and growth as endpoints. Last instars of both species displayed a clear behavioural 

response at concentrations much lower than those affecting survival. Even a small increase 

in exposure time strongly decreased survival of midges and caddisflies (1.4 - 8.4 times). 

Within the spectrum of tested insects reported in literature, H. angustipennis is the second 

most sensitive, and C. riparius the most tolerant species. However, the ranking of species 

is strongly dependent on the developmental stage; differences between species are often 

smaller than differences between instars of one species. The great difference in sensitivities 

between young and old larvae implicate that the impact of a pesticide strongly depends on 

the seasonal timing. Incidents in spring and summer will have a maximal impact on insect 

communities, since young larvae are especially abundant in these seasons. In addition to 

the negative effect of diazinon at low concentrations, recovery of typical riverine insects like 

H. angustipennis will be slow, considering their relatively long life cycle. Consequently, 

even if the prevailing water quality of disturbed rivers improves, frequently occurring 

incidents will prevent the return of riverine insects like caddisflies. 

Multiple factors determine the response of species to complex water pollution. Therefore, 

species sensitivity to pollution is likely to be different in the field than in toxicity tests where 

individual compounds are tested. The present study indicated that organic enrichment can 

act as a stressor for one species, but may benefit another species under the same 

conditions. Riverine species like caddisflies appear more vulnerable to multiple stressors 

than generalistic species. Also, the developmental stage of an organism and the length of its 

life cycle determine the effect of pollution on populations in the field. Hence, not only are 

characteristic riverine species likely to be more affected by deteriorated water quality than 

generalistic species, the river species are also at risk because of their long life cycles. In 

conclusion, there are many species specific factors that alter the response of an 
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invertebrate species to deteriorated water quality, making it difficult to classify a species as 

tolerant or sensitive to toxicants or other stress factors. The present study has identified 

several of these factors, which helps to further clarify and predict distributions of macrofauna 

species in rivers affected by complex pollution. 

The following recommendations to river management were proposed: 

- River water quality should be assessed using characteristic riverine species, so that 

indigenous species are sufficiently protected, and environmental risks are not under- or 

overestimated. 

- Characteristic river insects like the caddisfly Hydropsyche are essential for monitoring 

ecological rehabilitation of the River Meuse, and therefore, these species should be 

added to the selection of AMOEBA species. 

- Investments made to improve the water quality of the River Meuse, should focus on the 

prevention of incidents, in addition to the efforts to improve the "overall" water quality. 

- Because of the interaction of organic enrichment and toxicants a coordinated reduction 

of both groups of pollutants is recommended. 

- The prevention of unnaturally strong water discharge fluctuations due to water 

abstractions (by hydro-electric power stations) should be included in environmental 

plans. 
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Samenvatting (voor niet-vakgenoten) 

Rivieren vormen de "aderen" van continenten. Door de verstedelijking en het intensiveren 

van industrie en landbouw is de druk op de rivieren echter sterk toegenomen. De 

waterkwaliteit is verslechterd door o.a. lozingen en het afspoelen van stoffen uit 

landbouwgronden. Bovendien zijn de habitatstructuren sterk veranderd, o.a. door 

kanalisering en het aanleggen van dammen. Deze veranderingen hebben tot gevolg 

gehad dat met name bij de leefgemeenschappen in de bodem, de verscheidenheid aan 

diersoorten (biodiversiteit) is afgenomen, en dat slechts geringe aantallen vermoedelijk 

tolerante soorten in grote aantallen aanwezig zijn. 

Het doel van dit onderzoek was te achterhalen welke sleutelfactoren, met betrekking tot de 

waterkwaliteit, de respons van ongewervelde diersoorten die in of op de bodem leven op 

vervuiling bepalen. Er is onderzocht welke variabelen het succes van 

"vervuilingstolerante" soorten bepalen. Ook is bepaald welke barrières er eventueel 

bestaan voor karakteristieke, "gevoelige" macrofauna soorten om terug te kunnen keren 

naar rivieren die tekenen vertonen van ecologisch herstel. 

In deze studie werd de Maas als proefonderwerp gebruikt; in deze rivier is van enkele 

dominante gifstoffen (zoals het metaal cadmium) de concentratie afgenomen. Er zijn echter 

nog nauwelijks tekenen voor de terugkeer van verdwenen soorten ongewervelden. Er 

werden drie macrofaunasoorten geselecteerd als testorganisme, die op basis van hun 

voorkomen zouden moeten verschillen in gevoeligheid voor vervuiling: 1: de dansmug 

Chironomus riparius ("tolerant", voorkomend in de Maas), 2: de driehoeksmossel 

Dreissena polymorpha ("semi-tolerant", voorkomend in de Maas), 3: de kokerjuffer 

Hydropsyche angustipennis ("relatief gevoelig", verdwenen uit de Maas). 

In 1994 en 1995 heeft het onderzoek zich gericht op de dansmug en de driehoeksmossel 

(Hoofdstuk II). Voor beide diersoorten is in het laboratorium onderzocht in hoeverre 

effecten optraden na blootstelling aan Maaswater. De driehoeksmossel ondervond in 1994 

en 1995 in lichte mate hinder in Maaswater, terwijl deze soort in 1990 en 1991 nog sterk 

negatief werd beïnvloed. Hieruit bleek dat de waterkwaliteit enigszins verbeterd was ten 

opzichte van voorgaande jaren. De dansmug bleek niet negatief te worden beïnvloed door 

de waterkwaliteit van de Maas. In het voorjaar werd zelfs consequent een stimulatie van de 

groei gevonden bij blootstelling van muggenlarven aan Maaswater. Daarbij was het 

verrassend te constateren dat de muggen over het algemeen het sterkst werden 

gestimuleerd door water van de meest vervuilde plek (Eijsden). In Hoofdstuk III en IV 

werd daarom onderzocht welke factoren (stoffen) de tolerantie van soorten voor vervuiling 

bepalen. 



A: welke variabelen bepalen het succes van soorten in vervuilde rivieren? 

Het is lastig om effecten van afzonderlijke stofgroepen in rivierwater te onderscheiden, 

aangezien ze in de meeste vervuilde rivieren (ook in de Maas) in een mengsel 

voorkomen. In Hoofdstuk III is gepoogd de effecten van toxicanten en van organische 

verrijking te scheiden (door o.a. de hoeveelheid partikels te variëren), om zo inzicht te 

verkrijgen in welke factoren bepalend zijn voor de gevonden positieve effecten op de 

dansmug. De resultaten suggereerden dat in rivierwater bepaalde stoffen aanwezig zijn die 

negatieve effecten van toxicanten compenseren (en daardoor maskeren). Het bleek dat 

met name de particulate fractie (zwevend stof) een duidelijk positief effect heeft op de groei 

van de dansmug. Het succes van de "vervuilingstolerante" mug wordt niet verklaard door 

tolerantie voor toxicanten, maar door gunstige effecten van organische verrijking. Deze 

resultaten leidden tot de vraag of verschillen tussen soorten bepaald worden door 

verschillen in gevoeligheid voor toxicanten, of doordat de soorten op een verschillende 

manier omgaan met organische belasting. 

In Hoofdstuk /Vis de vraag onderzocht of het succes van macrofauna soorten in vervuilde 

rivieren (gedeeltelijk) afhangt van soort-specifieke capaciteiten om toxische effecten te 

compenseren of te modificeren. Hiervoor zijn de dansmug en de driehoeksmossel 

gelijktijdig blootgesteld aan rivierwater uit de Dommel, een zijtak van de Maas, die belast is 

met hoge concentraties metalen. Hoewel toxiciteitstesten uitwijzen dat de dansmug in het 

algemeen gevoeliger is voor metalen dan de driehoeksmossel, ondervond de mug minder 

negatieve effecten in Dommelwater dan de mossel. De respons van verschillende soorten 

in rivierwater was dus zelfs omgekeerd aan de respons in laboratorium toxiciteitstesten. Dit 

betekent dat het voorkomen van diersoorten in het veld niet direct kan worden verklaard 

en voorspeld door middel van laboratoriumtesten waarin de toxiciteit van enkele stoffen 

worden bepaald. Er zijn kennelijk combinaties van stoffen die de effecten van toxicanten op 

een soort-specifieke wijze beïnvloeden. 

Om meer inzicht te verkrijgen in de interacties tussen metalen en organische stoffen in 

rivieren als de Maas en de Dommel, werden in het laboratorium experimenten uitgevoerd 

met een combinatie van metalen en humuszuren. Humuszuren vormen een belangrijke 

groep van natuurlijk voorkomende organische stoffen. Van deze stoffen is bekend dat ze 

de effecten van toxicanten kunnen beïnvloeden, doordat ze de biologische 

beschikbaarheid veranderen. In experimenten is onderzocht of een eventuele 

beïnvloeding verschilt tussen soorten. Het bleek dat de toxiciteit van koper voor de mossel 

niet veranderde in aanwezigheid van humuszuren, terwijl deze voor de mug verminderde. 

Cadmium werd in aanwezigheid van humuszuren toxischer voor de driehoeksmossel, 

terwijl voor de dansmug humuszuren geen invloed bleken te hebben op de toxiciteit van 
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cadmium. De dansmug werd dus beschermd tegen metaaltoxiciteit door humuszuren, terwijl 

de toxiciteit voor de mossel juist versterkt werd door dezelfde groep stoffen. Organische 

stoffen (zoals humuszuren) in rivierwater lijken dus de discrepantie tussen waarnemingen 

in standaard toxiciteitstesten en in het veld gedeeltelijk te kunnen verklaren. Deze niet-

toxische stoffen lijken dus een grote invloed te hebben op het classificeren van "tolerante" 

en "niet-tolerante" soorten in het veld. 

B: welke barrières bestaan er voor karakteristieke riviersoorten? 

Omdat experimenten met driehoeksmosselen uitwezen dat de waterkwaliteit van de Maas 

verbeterd was ten opzichte van voorgaande jaren {Hoofdstuk II), werd onderzocht of 

deze verbetering zodanig is dat verdwenen karakteristieke macrofauna soorten weer terug 

kunnen keren naar de Maas (Hoofdstuk V). Daartoe werden in de loop van 1996 vijf 

veldexperimenten uitgevoerd waarin kokerjuffers van het geslacht Hydropsyche werden 

uitgezet in de Maas. Ter vergelijking zijn tegelijkertijd kokerjuffers in de Rijn uitgezet, een 

rivier waarin sommige kokerjuffersoorten zijn teruggekeerd na het terugdringen van 

vervuiling. De overleving van de kokerjufferlarven in de Rijn was over het algemeen 

hoog, terwijl in drie van de vijf experimenten de meeste kokerjuffers in de Maas stierven. 

Gezien deze resultaten, lijkt de waterkwaliteit van de Maas nog niet zodanig verbeterd dat 

populaties van verdwenen, gevoelige insecten (zoals de kokerjuffer) weer opgebouwd 

kunnen worden, zelfs al zou er aan de habitatseisen voldaan worden. Zowel chemische 

factoren (zoals pesticiden, maar ook nog onbekende stoffen) als fysische factoren (zoals 

zuurstof en stroomsnelheid) lijken een barrière te vormen voor kokerjuffers in de Maas. 

De hierboven beschreven experimenten en de hoge frequentie van incidentele lozingen 

duiden op de mogelijkheid dat insecticiden een belangrijke barrière kunnen zijn voor 

insecten in de Maas. Er zijn verschillende variabelen die van invloed kunnen zijn op de 

effecten van insecticiden. In Hoofdstuk VI is onderzocht in hoeverre ontwikkelingsstadium 

en blootstellingsduur de effecten van diazinon (een insecticide) op verschillende aquatische 

insectensoorten beïnvloeden. Jonge en oude larven van de kokerjuffer en de mug werden 

gedurende twee en vier dagen blootgesteld aan diazinon. Van beide insecten waren 

jongere larven veel gevoeliger voor diazinon dan oudere larven. Een verlenging van de 

blootstellingsduur resulteerde in een sterke toename in sterfte (1.4 - 8.4 keer) van zowel 

kokerjuffers als muggen. 

Als de resultaten van de experimenten tezamen met literatuurgegevens worden 

beschouwd, kan worden geconcludeerd dat de kokerjuffer H. angustipennis de op één na 

gevoeligste insectensoort is voor diazinon, en de dansmug C. riparius de meest tolerante 

soort. Echter, deze rangorde van gevoeligheid voor diazinon bleek sterk afhankelijk te zijn 

van het ontwikkelingsstadium van insecten: verschillen tussen soorten waren vaak kleiner 

dan verschillen tussen ontwikkelingsstadia van één soort. De verschillen in gevoeligheid 
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tussen jonge en oude larven impliceren dat de effecten van een insecticidenlozing op 

populaties in het veld sterk afhankelijk zijn van de tijd van het jaar. Incidentele 

verontreinigingen in het voorjaar of in de zomer (de normale periode van toepassing van 

insecticiden) zullen een desastreus effect hebben op insectenpopulaties, omdat in deze 

periode vooral jonge larven aanwezig zijn. 

Conclusies: 

Dit onderzoek heeft aangetoond dat milieuvariabelen de respons van een organisme op 

toxicanten op een soort-specifieke wijze beïnvloeden. Dit heeft als gevolg dat de rangorde 

van "tolerante" en "gevoelige" organismen voor vervuiling in het laboratorium (waar 

effecten van individuele stoffen worden bepaald) anders is dan in het veld (waar meerdere 

factoren een rol spelen). Chemische en fysische waterkwaliteitsparameters, maar ook 

levenscyclus kenmerken spelen hierbij een rol. Voor de ene soort kan bijvoorbeeld 

organische verrijking de effecten van toxicanten verergeren, terwijl onder dezelfde 

omstandigheden een andere soort juist gunstige effecten ondervindt. Soorten die 

karakteristiek zijn voor rivieren, zoals kokerjuffers, lijken meer hinder te ondervinden van 

stressfactoren (zoals effecten van organische verrijking, te lage stroomsnelheden e.d.) dan 

soorten die minder specifieke eisen stellen aan hun milieu, zoals de dansmug. Daarnaast 

wordt de respons op toxicanten sterk bepaald door het ontwikkelingsstadium van een 

organisme en de lengte van de levenscyclus; soorten met een levenscyclus van één jaar 

zullen minder snel herstellen van incidentele verontreinigingen dan soorten die meerdere 

cycli per jaar doorlopen. Er kan dus worden geconcludeerd dat soorten die karakteristiek 

zijn voor rivieren eerder direct last ondervinden van vervuiling dan generalistische 

soorten, en daarbij extra in het nadeel zijn omdat ze over het algemeen een lange 

levenscyclus hebben. 

Naar aanleiding van de resultaten in dit onderzoek zijn de volgende aanbevelingen 

gedaan naar het rivier beleid toe: 

- De waterkwaliteit van rivieren zou biologisch moeten worden beoordeeld met 

karakteristieke riviersoorten, zodat risico's voor inheemse diersoorten beter ingeschat 

kunnen worden. 

- Karakteristieke rivierinsecten zoals de kokerjuffer Hydropsyche zijn onmisbaar voor het 

volgen van het ecologisch herstel van de Maas, en deze zouden daarom moeten worden 

opgenomen in de selectie van AMOEBE diersoorten. 

- Investeringen ten behoeve van de verbetering van de waterkwaliteit van de Maas 

zouden in de eerste plaats gericht moeten zijn op het voorkomen van incidenten, naast 

inspanningen om de algehele waterkwaliteit te verbeteren. 

- Aangezien de effecten van toxicanten op macrofaunasoorten sterk worden bepaald door 

organische verrijking, is het raadzaam een gecoördineerde reductie van beide soorten 
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contaminatie door te voeren. 

- Het is raadzaam om onnatuurlijk sterke fluctuaties in de waterafvoer door waterinnamen 
(door waterkracht elektriciteitscentrales) tegen te gaan. 
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NAWOORD 

Dit project werd gefinancierd door het Ministerie van Volksgezondheid, Ruimtelijke 

Ordening en Milieu (VROM) en het Rijksinstituut voor Integraal Zoetwaterbeheer en 

Afvalwaterbehandeling (RIZA). Bij deze bedank ik met name Dr. A.J. Hendriks (RIZA), Dr. 

H.W. Kroes (VROM), Drs. D. Jonkers (VROM), Drs. M l . Koen (VROM) en Dr. G.M. van 

Dijk (Rijksinstituut voor Volksgezondheid en Milieu) voor hun ondersteuning als 

begeleidingscommissie. 

I thank Dr. J.M. Culp for willing to cross the ocean to participate in the thesis examining 

committee. Ook dank ik Dr. T.C.M. Brock, Dr. A.J. Hendriks, Prof. Dr. N.M. van Straalen, 

Prof. Dr. L. Reijnders, Prof. Dr. H.A.J. Govers en Prof. Dr. L.R. Mur voor hun bereidheid 

zitting te willen nemen in de promotiecommissie. Daarnaast bedank ik Prof. Dr. W. Admiraal 

en Dr. M.H.S. Kraak om de taak van resp. promotor en co-promotor op zich te nemen. 

Ik bedank de mensen van het meetponton in Eijsden en Lobith, het Directoraat Limburg en 

RIZA Lelystad voor de verstrekking van de vele gegevens over Maas en Rijn. De 

Samenwerkende Rijn- en Maaswaterleidingbedrijven (RIWA) bedank ik voor het 

belangeloos transporteren van bemonsterd Maaswater vanaf Eijsden. 

Wim, ik wil jou als promotor bedanken voor het geduld om mijn manuscripten te bekijken. 

Het moet wel vermoeiend geweest zijn om mij te overtuigen dat een wetenschappelijke tekst 

niet saai hoeft te zijn. Ik bedank je ook voor het vele werk achter de schermen. In het 

bijzonder wil ik mijn co-promotor bedanken, die me vanaf het begin tot het eind altijd 

enthousiast heeft meegeholpen en bijgestaan. Michiel, ik had me geen betere begeleiding 

kunnen voorstellen. Je onophoudende enthousiasme uitte zich tijdens practisch werk 

(weinig begeleiders gaan zover dat ze een plastic vat van Fl. 18,- achterna springen het 

Markermeer in) maar ook op het theoretische vlak kon ik op je rekenen (avonden werden 

gevuld met het nakijken van manuscripten). Hoewel je vaak wat verder vooruit denkt dan 

ik (je was al bezig met cabaretliedjes voor mijn promotie in mijn eerste jaar) en me vooral in 

het laatste jaar op de huid zat ("Ik wil je niet onder druk zetten hoor, maar...") was het goed 

een boomstam achter de deur te hebben. 

De mensen die mij het meeste practisch ondersteund hebben zijn de zeven 

doctoraalstudenten die bij mij stage kwamen lopen. Bij deze mijn bijzonder grote 

waardering voor jullie werk! Allereerst Christoph, die vrijwel gelijktijdig met mij aan dit 

project begon. Alle begin is moeilijk, maar het hielp ook niet dat jouw stageonderwerp (de 

driehoeksmossel) al meteen niet meer mee wilde werken door de hoge 

zomertemperaturen. Vervolgens Doris en Anno, die ondanks hun verschillende karakters 



erg goed konden samenwerken en met wie het altijd gezellig was. Martine bedankt voor 

het meedenken; vaak hebben we gediscussieerd welke proeven te doen en wat we nu 

eigenlijk gevonden hadden. Evert en Martijs kwamen in het derde jaar, het meest 

productieve jaar. Toen is in vrij korte tijd het grootste deel van de resultaten behaald, en 

ondanks de lange uren was het ook altijd gezellig met jullie samen te werken. Tenslotte 

Liesbeth, die het laatste hoofdstuk voor een groot deel voor haar rekening nam. 

Waarschijnlijk droom je nu nog van muggenlarven en extracties! Naast de stagières wil ik 

nog de studenten bedanken die hun (mini-)scriptie bij mij hebben geschreven:. Balder, 

Maartje, Martin en Martijn, 

Ik wil mijn collega's bedanken voor de altijd goede sfeer op de afdeling. Het was zodanig 

leuk dat we elkaar ook vaak buiten de universiteit zagen. Harm en Dick, dank jullie wel 

voor het willen optreden als paranimf tijdens de promotie. Dick, ik vond het altijd fijn dat ik 

een collega had die in dezelfde (AIO) fase als ik verkeerde. Congressen zijn er niet alleen 

om internationale collega's beter te leren kennen, maar ook de collega's die in dezelfde 

gang wonen als jezelf. Yellowstone had ik nooit zo kunnen waarderen zonder jouw 

aanwezigheid. Thailand was ook onvergetelijk gezellig met Harm en Saskia. Je leert elkaar 

al gauw nog beter kennen als de conversaties zich beperken tot eikaars stoelgang. Nüria 

en Saskia, bedankt voor de geestelijke steun (die soms uit schelden bestond). De 

speciatiecursus was een ervaring die ik niet snel vergeten zal, ik was erg blij dat ik mijn 

smart met Nüria kon delen. Mijn kamergenoten wisselden elkaar af, maar gelukkig kon ik 

het goed vinden met beide, Marion en Christiane (thanks for the ribbon!). Gerdit, het was 

gezellig om samen de lange weg van west naar oost en weer terug af te leggen. 

I would like to thank Stephan Engels for helping me set up a Hydropsyche culture, and for 

helping me find the animals in the first place. Er is gelukkig nooit gebrek geweest aan 

mensen om mee te helpen met mosselen vangen of met ander veldwerk. Ik wil met name 

de harde kern bedanken die ook meeging tijdens wind en regen. Bedankt Peter ("rien ne 

va plus"), Gerdit, Marion, Kasper en Chris. Harm en Eric, bedankt voor het helpen 

ontrafelen van de mysteries van KaleidaGraph en andere lastige computerprogramma's. 

Tenslotte bedank ik de rest van mijn zeer gewaardeerde collega's (of inmiddels ex-

collega's): Annelies, Bas, Christien, Diny, Elly, Frank, Heather, Helen, Jaap, Jaap, José, 

Kees, Marco, Piet, Simone, Tineke en Volker. 

Ik wou mijn niet-biologen-vrienden Joyce, David, Valentijn, Evelyn en Arjan bedanken, 

gewoon omdat ze er zijn. Ik bedank mijn ouders, Esther en Martin voor alle steun en 

geduld: na 25 jaar is mijn opleiding eindelijk afgerond! Ik bedank ook mijn nieuwe familie: 

Rien, Cobien, Sander, Andrea, Etienne en Linda. Maar mijn grootste dank gaat uit naar 

Arjan, die mijn hele AlO-periode overleefd heeft. Dank je wel lief, voor alles, en datje op 

de juiste momenten wist wanneer je interesse in mijn werk moest tonen maar vooral 

wanneer niet. 
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