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PREFACE 

On March 8, 1989, Technical Meeting 46 of the TNO Committee. on Hydrological 
Research (CHO-TNO) was held on the theme: "Hydroecologid relations in the Delta 
Waters of tbe South-West Netherlands'. The results of this meeting are published in 
Proceedings and Information CHO-TNO No. 41. 
On June 4, 1992, Technical Meeting 50 of CHO-TNO took place. Dunng this meeting the 
results have been presented of an evaluation of the water management of Lake 
VolkeraWZoom - a new freshwater system in the Delta. This publication contains tbe 
papers presented at this meeting, which was organized in wqeration with Rijkswaterstaat, 
Directorate Zeeland. These papers consider the key questions, whether water management 
has been able to deal with the changes in Lake VolkeraWZoom and whether the 
management policy targets will be achieved. 

Delfi, December 1992 
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How an chm$ed into a hdwatu lake. (P-s of the teshtucrl -g held in Rmsendaal. 
The Netherlands, 4 June 1992). Proeeedlags md h b d m ,  CHOIMO. no. 46, 1992. 

FROM SALT TIDE ..... TO FRESHWATER LAKE 
Origins, stmdure, scheme and management 

F.L.G. de B~ i j eke re  

L INTRODUCTION 

In the night of 17 April 1987 the upper tidal reaches of the Eastern Scheldt estuary 
disappeared forever, when engineers closed the last gap in the Philips Dam to create a new 
freshwater lake. free from ebb and flow. A whole new ecosystem was about to be 
developed. But there was one question mark hanging over Lake VolkeraklZoom. Would it 
become a flourishing freshwater lake complex? To find the answers, this latest product of 
the Delta projt-ci has been monitored for the last few years. 

This collection of articles describes the development of Lake Volkerak/Zwm from the 
creation of the lake system in 1987 up to the present day. It looks at the ecological threats 
to the lakes and the measures taken - or planned for the future - to create healthy, 
sustainable ecosystems. 

Figure 1 The Delta area before the Delta project (left) and after 1987 (right) 
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ORIGINS 

Lake Volkerak/Zmm has its origins in the flood disaster of 1953. The destruction of life 
and property was so great, and feelings in the country that this should never happen again 
so unanimous, that a specially appointed committee was set up to solve the flooding 
problem once for all. This committee proposed sealing off all the tidal inlets to the delta, 
with the exception of two major shipping routes, the New Waterway and the Western 
Scheldt. Then freshwater lakes would be created behind the dams. 

Ftgure 1 (left) (see page 3) shows the delta area before the inlets were closed. Eleven dams 
and dikes of different sizes and design have been built over the last 30 years. Figure 1 
(right) shows the delta area in 1987, with the various sea defences then in place. 

The original plan was to close off the Eastern Scheldt completely by a large dam with a 
solid structure. But in the mid-1960s perceptions of the environment were changlng and 
this plan was increasingly being opposed in sc~entiGc circles, as well as by environmental 
groups and fisheries interests. A compromise was reached m 1974: to build a stonn surge 
banier, that leaves tidal movement largely unmodified, hut can be closed during storm 
surges. 

The storm surge banier has narrowed the mouth of the Eastern Scheldt, by which less 
water enters and leaves the estuary w~th the tide. Special measures had to be taken to 
ensure that this reduction would not lead to a serious redudion in tidal movement between 
the high and low water levels. Partly for this reason two dams were built in the Eastem 
Scheldt inland of the storm surge harrier. This reduced the area of the estuary and ensured 
an adequate tidal range despite the construction of the storm surge barrier. Another reason 
for constructing these dams was that as early as the 1960s the Netherlands had agreed with 
Belgium to provide a shipping connection between Antwerp and Rotterdam which would 
no longer be affected by tidal movements. 

The Volkerak Dam (Figure 2) was already completed in 1969 as part of the scheule to 
close off the Haringvliet. The Oester Dam, sealing off the upper Eastern Scheldt estuary, 
was f ~ s h e d  in 1986. In the following year, 1987, after completion of the construction of 
the Philips Dam closing off the Krammer-Volkerak, an area of fresh water with a 
permanent level was created, Lake Volkerak/Zoom. 
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INFRASTRUCTURE 

Locks have been incorporated in the dams to maintain navigation as follows: 
- the Volkerak Locks in the north giving access to the Rbine and Meuse river systems; 
- the Krammer Locks in the northwest giving acoess to the Eastern Scheldt and thence to 

the Western Scheldt via the Canal through South Beveland; 
- the Bergsehe Diep Lock for access to Bergen op Zoom and the Eastern Scheldr 
- the Kreekrak Locks in the wuth for access to Antwerp Docks. 

i . I . ,  : b~ .;,. r-; .,,.*,:L. 

Figure 3 The salt/freshwater sepamtiion system at the Krammer Locks 



Volkerak Locks 



Bath Discharge canet and Scheldt-Rh~ne canel. In the centre the Kreekrak Locks 

Wth Discharge canal and sluices 
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To compensate the loss of the freshwater lakes in the Delta area, it was decided to make 
Lake VolkeraklZoom a freshwater lake to provide water for agriculture in the adjacent 
parts of West-Brabant, Zeeland and Zuid-Holland. In addition to ship locks, the Volkerak 
Locks complex at the nor& end of the lake includes a sluice to admit water from the 
Hohdsch Diep. This is necessary in dry periods, when flows in the West-Brabant rivers 
and from polder drainage are very low and there is a nsk that minimum lake stage will not 
be maintained, or that lake salinity will exceed the permitted maximum. The main sources 
of salintty in the lake are losses through the locks on the Eastem Scheldt, saline intrusion 
thmugh the sea dike, and delayed release from the old sea bed. 

The Krammer Lock complex is fitted with a saIUfreshwater qaration system that prevenh 
salt water entering the freshwater lake and fresh water entering the Eastern Scheldt. The 
system works on the principle that saltwater is denser than fresh. When ships pass through 
the locks, salt water is exchanged for fresh or vice versa (Figure 3). The Kreekrak Locks 
are equipped with a similar system to prevent brackish wateE from Antwerp's industrial 
area from entering Lake Zoom. The Bath Discharge canal was dug across the South 
Beveland isthmus, on an alignment parallel to the Scheldt-Rhine canal, to discharge excess 
fresh water from the lake into the Western Scheldt. The design capacity of the drain (max. 
130 m3/s) is based on an extremely wet periob 

L MORPHOMETRY 

Hydromorphologically, Lake VoIkeraklZoom consisw in reality of two lakes: Lake 
Volkerak in the north, which is the largest of the two lakes, and the much smaller Lake 
Zoom in the south. The Eendracht, a section of the Scheldt-Rhine Navigation Link between 
Antwerp and Rotterdam, connects the two lakes to form a single hydraulic system. The 
table below gives morphometric data for the two lakes. 

Table 1 Morphomeq of Lake Volkerak/Zoom 

Lake Volkerak Lake Zoom 

Surface area (ha) 
water 
'dry" margin 

total 

Depth (m) 
max 
mean 



Iake Volkerak/Zoom covers an area of some 8,300 ha, one quarter of which is new dr) 
land. These "dry" areas are former mud flats and salt marshes. Retention times of water in 
the lakes vary from 2 to 4 months depending on season. Depths vary from a few 
centimetres to 24 metres. The average depth of Lake Volkerak/Zwm is 5.2 metres. 

BASIC POLICY 

After designing the infrastructure, which has taken shape by the early 1970s, attention has 
been shifted to water management and the ancillary structures that would be required. A 
government policy document entitled Water Management in Iake Zoom after 1987 
(Anonymus, 1986) reviewed the possibilities and made recommendations on lake. levels and 
the extent that flushing with fresh water would be needed. Following public consultations 
held by the Fublic Works Council in 1987, the Minister defined basic policy principles on 
water management of the lakes. 

In summary these are: 
- selective inflow directed to minimize lmports of contaminants; 
- target lake stage to be NAP (Normaal Arnsterdams Peil, the reference level in the 

Netherlands) with variations permitted between NAP + 0.05 m and -0.25 m; 
- an upper limit of 400 mgll on chlorides to comply with irrigation requirements; chloride 

content to be measured at the mouth of the Bath Discharge canal. 

In 1987 also an agreement, covering water management and civil works on Lake 
Voikerak/Zoom once impounding began, was signed between all the patties involved 
(Anonymus, 1987). The blueprint for future development of the area was now ready m the 
form of an integrated Krammer-Volkerak policy plan, which defmed the functions of the 
scheme as follows: 
- primary function of navigahon within defined canals; 
- primary Function of nature area for the shallow water areas and margins exposed at low 

stage; - primary function of water supply for irrigation; 
- other functions such as commexcial f~hing,  recreation and drainage. 

Irrigation was accorded high priority in the drafting of the original policy on water 
management. Krijger (1992, t h ~ s  volume) lwks at the importance of irrigation in his 
article. 

ECOLOGICAL RISKS 

It was recognized early on that damming the Krammer-Volkerak and turning the upper 
Eastern Scheldt estuary into a freshwater lake entailed certain ecological risks. The inflow 
of polluted river water combined with the loss of flushing by the tide would have 
far-reaching effects on rates of erosion, eutrophimhon, and contamination with hazardous 
substances 

With tidal fluctuations elimiited, there is always a strip of bank exposed to erosion by 
wave attack. Banks are receding by tens of meters every year, leaving a miniature cliff line 
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at the eroding fmnt. Of course, this hampers the establishment of a balanced community of 
shoreline plants. As a result the Minister has authorized bank consolidation works to be 
camed out within eight years of impoundment. 

The lake is also particularly susceptible to eutmphication, as a result of its conversion to 
fresh water. River water and polder drainage are high in phosphates, and this produces 
excessive algal blooms. Experience of the Veluwerandmeer suggests that remedii 
measures will take a long time to work, with the results only beginning to show after 
several years. For more about the dangers of eutmphication on Lake VolkeraWZoom, I 
refer you to the article by Van den Hark et al. (1992, this volume). 

Another effect of impound'ig is increased siltation, as we know from the damming of the 
Haringvhet. Pollutants in rivers tend to adhere to particles of sediment carried in 
suspension. As a new sedimentation zone, the lake accumulates contaminants in its bottom 
mud. Readers interested in the details of this danger to Lake VolkemWZoorn should 
wnsult the article by Schmidt and Termeer (1992, this volume). 

7 OPERATIONAL WATER MANAGEMENT 

The 1988 Water Management Plan Lake Zoom (Anonymus, 1988) defined the operational 
management of the lakes in more detaiL The plan aims for integrated management of all 
functions of the lake. Within certain guidelines laid down by the Minister, the plan aims to: 
- minimize water losses in order to reduce imports of hazardous ma ted ,  
- create favourable conditions for nahlre area on and near banks; 
- minimize the flood disaster risk; 
- maintain low enough chloride levels at abstraction pomts in the growing season for 

irrigation water; 
- mmtain lake stage appropriare to proper drainage and good navigable acceSs to ports; 
- operate salWfreshmter v t i o n  systems to minimize salt intrusion without impeding 

shipping. 

B MEASURES 

If all the ecological challenges facing Lake VolkeraWZoom are to be met, we must ensure 
that water entenng the lake poses no threat. Pollution has to be tackled at source. 

International agreements, such as the Rbine Action Plan or the North Sea Action Plan, help 
to clean up the drainage basins of the Rbine and the Meuse. But "pollution at source" 
measures alone are not enough for Lake VolkeraWZoom. D i  intervention is necessary 
as well. Measures are now being drawn up and implemented in West-Brabant catchments 
specifically to protect the new lake. Readers are referred to the article of Van Oers et al. 
(1992, this volume) for details. Rijkswaterstaat is also experimenting with a biofilter to 
mat water from the Hollandsch Diep as it enters the lake at the VoIkerak Locks. The 
results are described in the article by Noordhuis et al. (1992, this volume). 

Water treatment is time-consuming, however. Consequently we try to keep the lake 
hydraulically insulated from its surroundings, so that water loss is minimized and influx of 
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polluted water reduced. Behrens (1992, this volume) discusses ways of sealing off the lake 
and the results so far. 

We are now using a systematic approach to steer aquatic populations in the right direction, 
so that Lake Volkerak/Zoom does not end up as a murky green lake. Key mcepts here 
are fish stocks and habitat development. For these subjects respectively I refer to the 
articles by Ligtvoet and Grimm (1992, this volume) and Iedema et al. (1992, this volume). 

EVALUATING WA% MANAG- 

This collection of papers presents the results of an evaluation of water-management practice 
~~ ~ 

over the three or more years since the conversion to a Freshwater lake. The key question is 
whether water management has becn able to deal with the changes in lake VolkeraW7mm 
and achieve the goals of management policy. 

This resolves into three specific questions: 
- are current management practices adequate for the ecological health and proper 

fonctioning of Lake VolkeraWZoom m the future? 
- do current management practices meet the needs of all the functions for which the lake 

is designed? 
- what else must we do to achieve sustainable development? 

In the concluding article Turkstra and Saeijs (1992, this volume) will look at these 
questions in the light of our present experience and understanding of the lake water system. 
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FROM MERELY SUPPLYISC. WATER 
TO WTEGRATFB WATER MANAGFMEhT 

H.W.A. Behrens 

1 INTRODUCTION 

Lake Volkaak/Zoom, originated in 1987, really wnsists of two lakes, Lake Volkelak 
(Volkedmeer) in the north and Lake Zoom (Zoommeer) in the south, both w ~ e c t e d  by 
the canal 'Eendracht'. Lake Volkerak is in the nortb wnnected to the Hollandsch Diep by 
the Volkerak intake sluices and shipping locks. Via these sluices fresh water from the 
Rhine and Meuse can flow into Lake Volkerak. In the west Lake Volkerak is connected to 
the salt waters F b t m  Scheldt (Oosterschelde) by the ICrammer locks. Lake Zoom is 
separated from the Eastern Scheldt by the Oysterdam (Oesterdam). The Bergse Diep lock 
is located in this dam. In the south the Kreekd  locks form the shipping connection with 
the bracIdsh Antwerp harbour basin. Next to these locks is a discharge canal to Bath 
(Spuikanaal Bath), where excess water can be discharged into the Western Scheldt 
(Westerschelde) . 

The water management of Lake VolkerakIZoom is on the one hand determined by user 
demands and ecological aims, which together are interpreted into management targets, and 
on the other hand by the possiblllties of supply and discharge of water and by the storage 
capacity in the system. Not so long ago the quantity contml determined how the water 
management was regulated. Hence it was stipulated that a o e m  amount of water was 
required for the water-level preservation and salt reduction. The harmful effect of the 
connected loads of pollutants was recognised, but that was a problem ecolog~sts had to 
solve. Nowadays there is a more integrated approach. Because the load of ponuhng 
materials is the product of discharge and wncentration, it is examined from a viewpoint of 
quantity wntrol what possibilities exist as to limiting this load by reducing the inflow via 
the Volkerak intake sluices and what the effects would be on the water management. 

In this article a wncise evaluahon is given of the applied water management. It also 
describes the possibilities for further optimization. 



MANAGEMENT TARGETS 

In 1987 the most important targets for water management were; 
- Rapid desalination so that agriculture can have fresh water at its disposal from the 

beginning of the 1988 growing-season; 
- For water-level control the level aimed at is NAP (Normaal Amsterdams Pe~l, the 

reference level in the Netherlands). Deviations ranging from NAP + 0.05 m to NAP 
- 0.25 m are pamitted incidentally. The purpose of these level margins is that, when it 
is expected that through circumstances the water cannot be temporarily let in, the water 
storage from this basin can be used so that the temporary inlet flow can be stopped - the 
so called selection inlet. This might occur in the event of large discharges from the river 
Rhine with large concentrations of suspended solids or in the event of calamities. This 
procedure is called selective letting-in; 

- The chloride concentration should not exceed 400 mgll during the growing-season. The 
mouth of the discharge canal to Bath had been qualified as a measuring point for the 
chloride comemation. In the event of this concentration bemg imminently ex&, 
flushing has to be canied out at the maximum rate of 22.5 m31s; 

- At the Krammer locks the separation system for salalvfresh water had to be contr011ed in 
a way that fresh water would be recovered in pericds of water shortage only, thus 
accepting some larger salt intrusion; 

- In order to limit the load of pollutants from the rivers Rhine and Meuse as much as 
possible, it is also aimed at the water intake flow rate via the Volkerak 
intake sluices. 

- Lake Volkerak Lake Zoom 

" 
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F i  1 The desalination in 1987 

One of the questions arising now, at the evaluation of the water management, is what has 
become of these management targets. Based on the experience gained until now, the 
following conclusions can be drawn: 
- The rapid d d i a t i o n  has been realized, as Figure 1 shows. At the beginning of 1988 

Lake Volkerak/Zoom was a freshwater lake. The chloride concentration in almost the 
entire l a b  was less than 4M1 mgll; 
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Exceptions to this were some deep underwater pits which still contained salt water at 
greater depths. After the desalination period the boundary plane between salt- and fresh 
water in these pits had lowered systematically. Since the beginning of 1990, after a 
storm, the water in the pit near the -er l& has changed entirely into fresh 
water; 

- The water level can easily be maintained close to NAP, 
- The possibility of limiting the inflow of water via the Volkerak intake sluices by means 

of selective letting-in has hardly been used. In periods of greater discharges from the 
river Rhine the amount of water required by Lake Volkerak/Zoom appeared to be so 
modest that there was no need for a water intake. 
The supply via the Volkerak intake sluices was obstructed due to calamities for only a 
few days during the complete evaluation period. None of these obstructions lasted long 
enough to reach the lower water level limit; 

- Because water from Iake Zoom had not been extracted yet for agricultural purposes, 
the measuring point for flushing had been t e m p o d y  moved from the mouth of the 
discharge canal to Eatb to the southern mouth of the Eendracht. As long as no water 
was Wig extracted for agricultural purposes, it was not necessary to maintain the 
chloride wncentraiion in Lake Zoom - which is correlated with the salt load via the 
Bergse Dtep lock - below the limit value. Because of this, considerably less water was 
required for flushing, so that on a yearly h i s  4 m31s less water wuld be let in via the 
Volkerak intake sluices; 

- As part of optimizing the sepamtion system for saltlfresh water at the Krammer locks, 
water has always been partly recovered. It is true this involved a slightly higher chloride 
concentration in Lake Volkerak, hut on the other hand the loss of water via these locks 
wuld be limited considerably. It also turned out that the chloride load via this complex 
was considerably less than originally assumed. 

5 WATER BALANCE 

The water balance of Lake Volkerak/Zoom in the past few years IS shown m Table 1. It is 
striking that only a few items are really important. For the supply these are the Volkemk 
intake sluices and the river Dintel. Naturally the Dintel runoff cannot be influenced, but 
the inflow via the Volkerak intake sluices on the other band can be d i r d y  controlled 
according to the management targets. Load reduction by reducing the inflow can only be 
achieved here. 

For the outflow the Krammer locks, the K r e e M  locks and the discharge sluice Bath are 
the most important balance items. 

The fact that a smaller inflow via the Volkerak intake sluices is possible, can be illustrated 
by the following figures: 
In 1985 it was assumed that the needed inflow via the Volkerak intake sluices and shipping 
locks would be 35.8 m31s. In 1987 this had already been reduced to 22 m31s. (Bath inflows 
excluding the amounts of water required for flushing). Because of all the measures taken 
already, the intlow of water via the Volkerak intake sluices has been reduced to less than 
10 m31s on a yearly basis in a dry year, with a total inflow to Lake Volkerak/Zoom of 20 
to 25 m'ls. 



4 POSSIBILITIES FOR REDUCTION OF TAE INFLOW 

Because further limitation of the inflow of water via the Volkerak intake sluices 1s desired, 
there are basically three possibilities of realizing this: 
- 'Ihe oumow from Lake Volkerak/Zoom can be minimized, so that less water has to be 

supplemented; 
- Flushing can be limited; 
- The storage capacity in the system can be used. 

The possibilities of minimizing the outtlow exist especially at the shipping locks. (See 
Table 1) 

Table 1 The water balances of Lake Volkerak/Zmm in m'ls 

ny 
Precipitation - evaporahon 
Discharge Volkemk locks 
Inlet Volkerak sluices 
Discharge river Dintel 
Discharge river Vliet 
Discharge river Zmm 
Discharge polders 
Seapage 

Total in 36.9 20.4 21.6 23.0 

OUT 
Discharge via Bath 22.0 7.3 11.7 13.5 
Krammer- and Kreekrak locks 15.1 16.1 11.4 10.3 
Agricultural purposes 0.0 0.0 0.0 0.0 
Intiltration 0.1 0.1 0.1 0.1 

TOM out 37.2 23.5 23.2 23.9 

By limited recovery of fresh water at the Krammer locks the loss of water has almost been 
halved to 8 m'ls. A further reduction will be accompanied by such an increased load of 
salt, that the chloride concentration at the northern mouth of the Eendracht in Lake 
Volkerak will increase, demanding a greater flushing flow. At the Kreekrak locks the 
discharge via the separation system for saltlfresh water has been reduced even more, up to 
33% or some 4 m3/s, without canmg an objectionable salt load. For technical reasons a 
further reduction is impossible with the current facilities, whereas here also a further 
reduction of the discharge would result in an undesirable salt load on Lake %m. The 
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flushing flow via Bath is necessary to maintain the water level and can therefore not be 
influenced. In this way the possib'ities of reducing the oufflow have been fully used. 

As a result of the expected increased extractions for agricultural purposes, the inflow to 
Lake VolkeraWZoom will increase in the future by a volume which almost equals the 
quantity extracted for agricultural purposes. 

4.2 Limitation of Bushing 

To limit the flushing there are basically two possibilities: 
- Limitation of the salt loads on Lake Volkerak/Zoom; 
- Acceptation of larger chloride concentrations in Lake VolkeraWZoom. 

For the limitation of the salt loads, the chloride concentration in Lake Volkerak/Zoom will 
be examined first. This is shown in Figure 2. Lake Zoom has higher concentrations, while 
directly north of this lake there is a strong merit. Higher wncentratiom are also found 
near the Krammer locks. This means that the largest sources of salt intrusion can be found 
at the Krammer locks and the Bergse Dtep lock. At the Krammer locks the separating 
system for salt and fresh water has already been opthired, m that a further reduction of 
the salt load cannot be realized. A different situation exists at the Bergse Diep lock. No 
measures to reduce the salt load have been canied out here. With each lockage the entire 
lock tilling of salt water flows into Lake Zoom. Meanwhile it has been decided to provide 
the Bergse Diep lock with a separating system for salt and fresh water. This system will be 
opemtional next year, before the growing-season. 

Figure 2 The chloride wneentrations in Lake Volkerak/Zmm (mgll) 
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Other sources of salt, for instance from polder discharges, are small add hard to influence. 
The only method to reduce these loads is to move these polder discharges outside Lake 
Volkerak/Zmm. 

The second possibility of limiting the flushing is to accept higher chloride concentrations. 
Actually this method has been used in thc past few years by moving the measuring point 
for flushing. Because this year water will be extracted from the discharge canal to Bath for 
agricultural use, the moving of the measuring point has been reversed. 

For the measure of limiting the flushing, apart fmm the current control, two allernatives 
have been examined, namely: 
- Flushing only in the event that the &mum chloride concentration of 450 mgll is 

exceeded at the mouth of the discharge canal to Bath; 
- No flushingat all. 

4.3 Malcing use of the storage capacity 

The third measure to limit the inflow is to u s  the storage capacity in Lake 
VolkeraWZmm. By maintaining the target water level, the excess amounts of water have 
to be discbarged as quickly as possible. If the excess amounts of water can be temporarily 
stored in the system, this water can be used later in a period of water shortage. 

Summarizing, the possibilities shown in Table 2 have been examined for a reduction of the 
inflow. 

Table 2 Examined alternatives for the water management 

FLUSHING 

4w mgn 450 mgn no 
LEVEL flushing 

target level = NAP 

NAP + 15 cm/ - 25 cm 

EFFECTS 

The various possibilities of limiting the inflow of course have intended as well as side 
effects. 

All the effects shown here result from scenario olculations. Data were taken for a wet 
year 1988 and a dry year 1989. Based on these years the boundary conditions were drawn 
up and the management of the different control alternatives simulated. The advantage of 
this operating procedure is that the results m properly comparable with each other. One 
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must consider that in practice somewhat different boundary wnditions will occur than the 
values represented here. 

As a reference for showing the effects, the utuation which can be expected from next year 
on has been assumed on the basis of the present management. This situation is: 
- A maximum chloride wncentration of 400 mg/l at the mouth of the discharge canal to 

Bath during the growing-season; 
- Target level at NAP; 
- Measures to limit the outflow from Lake Vokrak/Zoom which have already been 

realized at present; 
- The system limitating the salt load at the Bergse Diep sluice is in operation. In the 

calculations for this system a limitation of the salt load of 50% has been assumed; in 
practice a reduction of 70% is expected, 

- Extractions for agrioultural purpses, distributed over Lake VolkerakIZoom, with a total 
volume of 5 m31s during the growing-season. 

5.1 Water levels 

Figure 3 shows how the water level develops in a wet and in a dry year when the control 
is effected at level margins of NAP + 15 cm and NAP - 25 cm, which is a difference of 
40 cm. In a wet or a dry year the level only differs at times at which the level rises or 
falls. In both summers the water level would have been low and in both winters high. The 
resulting water level wrrespwds with the natural course and is favourable for the 
development of the banks. 
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- dry year 
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Figure 3 The water level if the wntml is effected at level margins of NAP + 15 cm and 
NAP - 25 cm 



53 Chloride concentrations 

In the reference situation the chloride concentrations will develop according to the bottom 
line in Figure 4. Obviously the concentrations vary in the course of the year. In this article 
the highest calculated concentrations are given for a dry year, during the growing-season 
which mns From the beginning of April till the end of September. Both other limes in 
Figure 4 show the comparable chloride development, if flushing would be carried out 
according to the criterium of 450 mgll at the mouth of the discharge canal to Bath and in 
the event that there would be no f h b h g  at all. 

D~ntel Eendracht Eendracht discharge 
North South canal 

Figure 4 The chloride concentration at the different alternatives for flushing 

These flushing variations show the highest increases of the chloride concentrations in Lake 
Zoom; the effect on Lake Volkerak is obviously less. Level variation appears to have only 
a marginal effect on the chloride concentrations; therefore these are not shown. Of course 
it is important which effect a combination of these two measures has on the chloride 
concentrations in Lake VolkeraWzoOm. This combined effect is shown in Figure 5. The 
lower line matches the reference situation, the middle line shows the concentrations for a 
flushing control aimed at a chloride concentration of 450 mgll near the mouth of the 
discharge canal to Bath and with 40 cm difference in level. The upper line matches the 40 
cm difference in level and no flushing at all. 

A combination of not flushiig and a difference in level of 40 em shows here definitely 
higher concentrations than not flushing at a fixed level does (the upper line in Figure 4). 
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Figure 5 The chloride conoentxation at the different alternatives for the water management 

5.3 Inflows 

The inflows via the Volkerak intake sluices, expected from the control variations 
examined, are mentioned in Table 3. The reference situation shows an inflow via the 
Volkemk intake sluices of 7.9 and 13.1 m31s in a wet year and a dry one respectively. This 
discharge is higher than in the present situation. The reason is that reversing the measuring 
point for flushing to the mouth of the discharge canal to Bath, combined with the 
extractions for agricultural purposes, requires a somewhat larger amount of wa& than 
saved by reducing the salt load in the Bergse Diep lock. 

Table 3 Inflow in m'ls via the VoIkerak intake sluices with the different alternatives for 
the water management 

Maximum chloride concentration no 

400 450 flushing 

dry wet dry wet dry wet 

Target level = NAP 13.1 7.9 9.7 6.8 5.7 4.6 

Level margin 40 cm 12.4 6.6 9.0 4.2 4.0 0.9 



The limitation of the flushing shows a smaller inflow, as may be expected. The more the 
flushing is limited, the larger is the reduction of the m5ow. 

Using the storage capacity by wing the level margins of NAP + 15 cm and NAP - 25 cm 
has only a limited effect when the maximum chloride concentration is 400 mgll. This is 
caused by the fact that even though less water is required for the level control the effect is 
that also less water is discharged via Bath which also results in less chloride being 
discharged. 

Nevertheless, in order to meet the chloride standard, more water has to be flushed. 
However, the extra flushing flow requirecl is indeed smaller than the amount of water 
saved by the level control. 

If the chloride standard for flushing is increased to 450 mg/l the saving becomes somewhat 
greater. 

Using the storage capacity has the greatest effect with no flushing at all. 

CONCLUSIONS 

The water management aimed at the smallest possible inflow of water vla the Volkerak 
intake sluices has been successful. When the Bergse Diep lock d be provided with a 
system for limiting the salt load, then within the current management targets all 
possibilities to reduce the inflow have been used. 

Only when the management targets are adjusted a further reduetion of the inflow is 
possible. The largest reduction of the inflow is realized, although limited at a level 
variahon combined with the acceptation of higher chloride concentrations. 

BEHRENS, H.W.A., B.S. JANSEN; 1992. Rapporfage scenario-berekeningen 
waterkwantiteit Volkerak/Zoommeer, RIZA, nota 92.001. 



When tide disappears, erosion begins 

Pioneer (Atriplex prosrrata) on brackish soils 



Salt marsh plants disappear slowly from the formal tidal flats 

Mouth of the river Steenbergse Vliet 
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CHEMICALS HANG OVER LAKE VOLXERAIUZOOM 
Pollution by, procwes and fleets of micro-pollutants 
in Lake VoIkemkIZoom 

C.A. Schmidt and K. Termeer 

1 INTRODUCTION 

Lake VoIkeraklZwm was formed by the closing of the Philpsdam in 1987. An arm of the 
sea was transformed into a freshwater lake. Figure 1 shows the location of the dams and 
sluices of the lake. From that moment the condition of the lake was thoroughly monitored. 
This article describes the history, the situation in 1987, the development in the first four 
years of its existance and the expectations of development in the field of pollution with 
xeoobiotics. 

Figure 1 Map of Lake VoIkerak/Zoom 



1.1 Constcnction of Lake VoIkeraRIZoom 

Before the construction of the Philipsdam and Volkerakdam the area, which is now called 
Lake VoIkerak/Zoom, was part of the delta of the nvers Rhine and Meuse. A strong tidal 
current was present. 

By the closure of the Volkerakdam in 1969 the flow was strongly reduced, but vertical 
tidal movement increased because of damming up. The clwure of the Philipsdam seventeen 
years later finally completed the compartmentalization of the Delta. 100 spare kilometers 
of sea we* converted inm a stagnant freshwater lake with an average depth of 5.2 meter 
and with shallow and deeper areas reflecting the former tidal gully system. The northern 
part was called Lake Volkerak and the southern smalle~ part Lake Zwm. Both were 
wmected by a canal &led the 'Eendracht'. 

The m m  functions of the lake are to supply Fresh water for agricultural purposes and as an 
important connection between the rivers Rhine and Scheldt for commercial shipping. 

1969 closursVolkerJdam 
IOW Current 

strong venical udal movement 

l 1987 closure Phifrpsdam 
semi stagnant fresh wafer lake 

1.2 Main swrw of water and suspended solids 

The lowland river Dintel discharges in Lake Volkerak. The flow of this river 1s strongly 
depruding on ramfall. 

By sluicing, water from the Hollandsch Diep, which recdves water from the Rb~ne and 
Meuse, enters Lake V o l W .  To compensate for salt intrusion from the south (Westem 
Scheldt), extra water from the Hollandsch Diep is taken in via the Volkerak sluices. The 
flow through these sluices in the period 1971-1991 is given in Figure 2. 

With the incoming water dissolved micro-pollutants and fluvial sediments, which cany 
micm-pollufants, are imported. 

The pouution of the Rhine and Meuse reached its maximum in the early seventies and 
thereafter decreased gradually. Figure 3 shows the cadmium concenhahon in the 
Hollandsch Diep, the Rhine and the M e d .  Sampling pomt of the Wne and Meuse are 
located at the borders w~th respectively Germany and Belgium. The total concentration of 

1) The cbm of mruopollutaats presented in the figures is based on repm-mtahveness. A dewled 
~IOUFSIM and a prcswtation of changes m leueln of all the mc~o-p~Uutnnts are beyond the m ef tthrs 
Paper. 
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micropollutants in the Hollandsch Diep is always lower than in the Rhiie and Meuse due 
to sedimentation of polluted suspended solids in the upstream areas. Nevertheless 
concentrations in the Hollandsch Diep water still do not meet the required general 
environmental quality standard in the Netherlands: AMK (Algemene Milieu Kwaliteit). 

Figure 2 Flow through Volkerak sluices 1971-1991 

Figure 3 Concentration of cadmium in W e ,  Meuse and Hollandsch Diep 

1.3 Sedimentation of solids polluted with xenobioties 

Assuming that the water quality development of the Dintel has been the same as of the 
larger rivers, large quantities of micro-pollutants were discharged into the Volkeiak. 
Before 1987 the inflowing water mixed with sea water and drained off to the North Sea. 
As a result of the lower velocities and the tidal movement in the Volkerak a part of the 
suspended solids settled down mainly at the mndflats. Because of the reduction of water 
velocity after 1969 settlement also twk place in deeper gullies. Suspended solids consisted 
of a mixhire of strongly polluted fluvial suspended solids and relatively unpolluted marine 
suspended solids. When fmally in 1987 the Philipdam was closed, the tidal system had 
changed into a semi-stagnant freshwater lake already affected by the pollution of the rivers 
Rhine, Meuse and Dintel. 



1.4 Pollution of former sedimentation areas 

In 1987 most of the mudflats converted Into lake shore lands. These former sedimentation 
areas appeared to be polluted with heavy metals and PAWS. The degree of pollution of the 
former sedimentation areas is given in Figure 4. In the Northeast the 'Hellegatsplaten' and 
the 'Ooltgensplaat' are polluted. Even the 'Dmtelse Goraen' and the 'Slikken van de Heen' 
are affected by the Dintel, Rhine and Meuse pollution. The 'Krammerse slikken' and the 
'Prinsesseplaat' in Lake Zoom are fke of pollutants. 

Figure 4 Pollution of the lake shore lands (Vink, 1992) 

Not only the shore lands were polluted but also thc lakcbed sediments. The main 
pollutants are PCB's and PAH's, but in the Northeast also pollution by lindane and 
mercury occured. 

For most micro-pollutants a gradient in the concentrations is present. Figure 5 e.g. shows 
the concentration of mercury in the bottom sediment+". 

In the Netherlands the grade of pollution is classified into several categories. In Figure 6 
the classification is shown. 

I) Bscsuse the b~ologid av&b&ty of micra-flntats & p d s  on the smpuon " ~ ~ f ~ t y  snd therefore 
on the granular unsistency a d  content of organic metenal. nahonal +ty staodards for micro-pUutnnts 
nre defined ss caneentmtions m sxhment wrth s sun&~d granular ~ l l l s d a e y  (25% C161rm) .ad a standard 
conteot of orgmc matand (10960M). To e o q w  field ConeenWom with q d t y  s W r &  the abdule  
d uneenlmtiws have to be oonveaed to squivdml umcpnhatloas m t2us standard r s d 1 ~ 1 .  
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Figure 5 Gradient of mercury in bottom 
sediments 

Figure 6 Classification of the grade of 
polluhon 

2 CHANGES SINCE 1987 

Since 1987 the water quality of lake VolkeraldZoom is determined by the discharge of 
micro-pollutants of the Dintel and the Hollandsch Diep, atmospheric deposition and 
shipping. The load of micro-poUuIants from the Dintel and Hollandsch Diep is determined 
by the concentration of micrc-pollutants and the water quantity. 

2.1 Water management 

In 1987 and the first part of 1988 the intake of water from the Hollandsch Diep was high 
in order to achieve quick desalination. The water quality was still bad. When desalination 
was achieved, the policy in water management was to take m as little water as possible 
needed to a c h e  a maximum salt concentration m Lake Zoom of 400 mg C111. Hereby 
the forecasted discharge of the Dintel is taken into account. 

Rainfall was both in 1988 and 1989 below average. Therefore the intake of water from the 
Hollandsch Diep has been relatively high compared to years with average rainfall. 

2.2 Relative contribution to the fofal load of micr~pollntants 
of Dintel and Hollandsch Diep 

The load of cadmium and PAH's from Dintel and Hollandsch Diep are presented m Figure 
7. The strong decline in contribution and load of the Dintel is both a result of low 
discharges and of decreasing concentrations. The decreased load fmm the Hollandsch Dtep 
is a result of a restricted inflow and of an improved water quality. 

2.3 Concentration of micro-poktants 

A quality improvement of both Dintel and Hollandsch Diep is observed for arsenicurn, 
cadmium, chromium, copper, lead, P m 1 5 3  as well as most PAH's. Figure 8 shows the 
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Figure 7 Loed of micro-pollutants by Dintel and Hollandsch Diep 

Figure 8 Copper and ZPAH's in suspended solids in Dintel, Hollandsch Diep, Lake 
Volkerak and Lake Zoom 
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yearly average concentration of copper and ZPAH's" in suspended solids in the Dintel and 
the Hollandsch Diep. Except for arsenicum and nickel, all micro-pollutants are found in 
lower concentrations in the Dintel compared to the Hollandsch Diep. 

The h i t s  of the National Water Qual~ty standard ( A m )  are regularly exceeded on a large 
scale. In 1990 the concentrahons of coppez, PAH's, BHC and most of the @~idt?S in the 
Hollandsch Dzep were extremely h~gh. rn the Dintel this occurred for nickel, 
benzo@)fluoranthene, PCE28 and ZDD'P'. 

Bwuse Lake Volkerak/Zoom is fed wth water from the Dintel and Hollandsch Diep the 
concentrahons in these waters affect the concentrations in Lake Volkerak/Zoom. Also 
concentrations of copper and XPAH's in the lake are shown in Figure 8. The difference 
between the low quality of suspended solids in the Diitel and Hollandsch Diep and the 
relarively high quality of suspended solids in Lake VolkerakIZoom is a result of 
sedimentation and mixing with less polluted sediment?. eroded from the lake banks. This 
process will be discussed later in this article. 

2.4 Pesticides 

No declining concentrations of micro-pollutants are detected for pesticides like hdane and 
DDT. Concentmtions in the Dintel and the Hollandsch Diep are continuously exceeding the 
AMK limits. Figure 9 shows the concentration of DDT in suspended solids m Lake 
Volkerak/Zoom. Alarming is the increa%d concentration in 1990 compared to 1988 and 
1989. At the end of 1988 an extremely high concentration of DDT was found in Lake 
Volkerak and Lake m m .  Apparently an illegal spillage had taken place or polluted 
sediment in an upstream area was scoured during a period of high water velocity and was 
&ed along into the lake. In the Hollandsch Diep the peak was also observed, but no 
peak occurred in the Dintel. 

Also a group of pesticides called cholinesterm-inhibitors (e.g. parathion) in the Dintel and 
the Hollandsch Diep are detected in concentrations exceeding the AMK limit. These 
concentrations can have toxic effects on insects, in particular on water fleas. In Lake 
VoIkeoWZoorn the AMK limit is exceeded infrequently. The protection of wafer fleas in 
Lake Volkemk/Zmm is crucial, because they are the main grazers on algae and therefore 
keep the water clear. 

2.5 Atmospheric deposition 

In a highly industrialized area as the Netherlands atmospheric deposition is an important 
source of micropollutant?.. The contnbutim of atmospheric deposition to the total load of 
micro-pollutants in Lake VoIkerak/Zoom is relatively high because of the extended surface 
compared to the total volume and the small flow through the system. Figure 10 shows the 
contribution of atmospheric deposition to the total bad of micro-pollutants. In particular 
the load of lead, mercury, PAH's, PCWs, DDT and lindane by atmospheric deposition is 
considerable. 

1) SAH's: sum of beaoz(g,h,~)perylae, h z d a ) p y m e ,  mdeno(l.2,3.c,d)pymee benuo(b)flw&ene, 
bend,k)fluomlhene, d flmomlhen. 

2) BDT:  sum of 2.4-DDT, 4.4-DDT, 4,4-DDE and 4.4-DDD 
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Figure 9 DDT in suspended solids in Lake V o M  and Lake Zoom 

F i  10 Relative contribution to the total load of mic10poUutanu 

2.6 Quality of the sediment 

The history of the lake before 1987 and the import of micro-pollutants from the three main 
sources since 1987 has resulted in polluted bottom sediments. Figure 11 shows the present 
situation. The pollution is relatively strong in the eastern part of Lake VoIkerak. h the 
western part and in Lake Zoom the pollution is not yet alarming. 

Apart from atmospheric deposihon and pollution by the Dintel and Hollandsch Diep, 
wmmercial shipping is an important source of PAWS, which can be the main cause of the 
pollution with PAWS of the bottom sediments in Lake Zoom. 

Almost all locations in Lake VolkerakIZoom are polluted with PAH's and PCB's. High 
concentrations of PCB's and DDT were found in the area near the Volkerak sluices. 
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Figure 11 Quality of the bottom sediments in Lake Volkerak/Zcom 

2.7 Erosion of the lake banks 

As already menboned the bottom sediment qual~ty of the lake has not changed 
significantly, because of the mixlng wth sediments eroded from the lake hanks. In 1987 
the constant water level m the lake constricted the wave attack to a narrow zone. The 
sediment layers in th~s zone wuld not resist tb~s, espec~ally not dunng severe storms. As a 
result erosion of the banks has taken place on a large scale. In the last four years about 1M) 
ha of shore land degenerated into a shallow part of the lake. The largest granular fraction 
of the eroded material settled in the nearby shallow water zone. The smallest granular parts 
were transported to the deeper zones of the lake. 

Compared to the amount of material due to this shore erosion, the input of suspended 
solids from the Dintel and Hollandsch Diep is still small. Figure 12 compares the quantity 
of eroded material and the input of suspended solids by the rivers Dmtel and Hollandsch 
Diep. 



Figure 12 Internal and extend load of s e d i t s  in Lake Volkerak/Zoom 

After the completion of the shoreline protection dams in the near future, the banks wilL be 
well protected against eroslon. In 1995 the quality of the bottom sediments mll be largely 
depending on the quality of the suspended solids impoited from the Hollandsch Diep, the 
Dlntel, and on atmospheric deposition and shipping emmission. 

2.8 EeotoxieologicaI research 

Since 1987 research has been camed out to o b m  an impression of potential effects of 
micropollutants on organisms in Lake VolkeraklZoom. This research included the 
following: 
- field surveys of macro-invertebrates; 
- field experiments on the accumulation of micro-pollutions by Zebramussels (Dreissena 

pol~mrpha): 
- chemical analyses of different fish species; 
- chemical anlayses of eggs of dfierent species of summer birds, which forage on 

different food sources in or around the lake. 

The analyzed species of fish are eel (Angulla unguila), smelt (Osmerur e p r l a m ) ,  ~ f f  
( G y m e p h l u s  cernun), flounder (Plnnchrhysflesus), perch (Perca fluvimil~s) and pike- 
perch (Srizosfedion lucioperm). The inveshgated summer birds are tufted duck (Aythyu 
fuligula), sheldrake (Tadoma tadoma), avocet (Recurvirosrro avoseita), common tern 
( S t e m  h i d o )  and black-headed gull (Larus ridibwulm). 

Figure 13 shows as an example the concentration of 7.PCB's (based on fat) in red eel since 
1986. In 1987 the concentrations were relatively high as a result of the forced desalination 
using Rhine and Meuse water. The present concenhations are low and much lower than 
those found in red eel in the heavy polluted Hollandsch Dlep. 

The concentrahon of most micro-pollutants, with the excepbon of the pesticides DDT and 
d~eidrin, are lower than in Lake Usselmeer, which is regarded as a lake in the Netherlands 
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with a relat~vely low level of polluQon. The present concentrations are at most 10% of the 
product standard for fish consumption. 

m Lake Volkerak m Lake Z o m  

Figure 13 Concentrations of PCB's in red eel 

2.10 Eeotoxicological effects 

A risk assessment, based on literature study of mndary  poisoning of PCB's, showed that 
tufted ducks can forage on zebramussels enthout any risk and that common terns and 
cormorants (Phalacmcorax carbo) can forage on red eel wimout any nsk. 

Figure 13 shows also the tolerable maximum concentration in red eel by which an otter 
( U r u  lutra) suffers no negative effects on the reproduchon. Unfortunately at this moment 
the concentrations of PCB's in fish are too high for survival of otters. 

3 PREDICTIONS OF THE FOLLUTION DEVELOPMENT 

One of the principal questions in the evaluahon of the present water management of Lake 
VoIkeraklZoom is, what the quality of the lake will be under the present water 
management and what it will he under Mferent water management alternatives. Predictions 
of the pollution level for several alternatives and rmcro-pollutants are made using a water 
quality model. 

The results are that under the present quality of the Dintel and Hollandsch Diep and the 
present amount of atmospheric deposition the steady-state concentrations of micro- 
pollutants in the bottom sdiments wdl be approximately identical at all locations in Lake 
Volkerak. Concentrations of persistent micropollutants (e.g. heavy metals) will be almost 
equal to the concentration of the incoming rivers. Because most organic pollutants 
evaporate slowly andlor can be b io  or photodegraded, the steady-state concentration will 
be lower than in the incoming rivers. 

The hme needed for the bottom sediments to reach steady-state is related to the r e k v e  
discharge of the Dintel and the flow through the Volkerak sluices. For the purpose of 
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water quality modelling the lake is divided into three compartments (Figure 14): 
- shallow areas (d<5 m) in the north, near to the water inlet points (8 h a ) ;  
- deeper areas in the north (d>5 m); now the most polluted (12 h ' ) ;  
- Kmmmer area; the best sediment quality in Lake Vokrak (25.7 h ' ) .  

Figure 14 Three zones in Lake Volkerak distinguished for water quality modelling 

Figure 15 shows also the time needed for wpper to reach steady-state concentration under 
the present conditions. The present bottom sediment quality in the figure is the average in 
the compartment in question (field survey 1991). The concentration of copper will increase 
in each compartment. 

- east - east west 
shallow deep 

Figure 15 Development of the level of pollution by copper in bonom s d i e n t s  in Lake 
VoUrerak 

For most micro-pollutants the present concentration in the deeper areas in the north of 
Lake Volkerak is higher than the predicted steady-state wncentration, because the quality 
of r m t  settled suspended solids is better than in the past. But in the west and ia tbe 
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shallow parts in the northeast of Lake Volkerak the concentrations in the bottom sediments 
will increase for almost all micro-pollutants. 

The predicted steady-state concentrations for several micrc-pollutants are given in Table 1, 
as well as the AMK and the target concentration. The first is defined as the concentration 
whiih results in a minimal protection of the ecosystem. The latter takes care of a complete 
protection of the ecosystem. From the results presented in Table 1 the conclusion can be 
drawn that the present situation does not guarantee a sustainable growth of the ecosystem. 

Table 1 Predicted steady-state concentrations in bottom sediments in Lake Volkerak 
(standardized) 

predicted AMK target 
concentration 

Cadmium Dw%d,+l 1,7 2 0.8 
CoPPer [mglkgdd 57 35 36 
Lead rW/kgdd 150 530 85 
Z I ~ C  bglkgdw1 600 480 140 
PC& 180 bg&&l 9,6 4 4 
BenNalpyrene bglkgdd 180 50 25 
7-BHC oindane) bglkgd,,J 1 1 0,05 

To achieve more protection of the ecosystem, further reduction of the total load is needed. 
In Table 2 is given the needed reduction percentage for several m~cro-pollutants. 

Table 2 Needed reduction percentage of the load of mtcro-pollutants to achieve AMK and 
target concentration in bottom sediments compared to the present load (%) 

AMK target concentration 

Cadmium 
copper 
Lead 
Zie  
PC5180 
Benzo(a)pyrene 
7-BHC (lindane) 

Considering the measures, which are internationally agreed on in the Rhine Action Plan 
and North Sea Action Plan, it is to be expected that in 1995 the needed reduction will be 

39 
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partially achieved. For most micro-pollutants a complete protection of the ecosystem will 
still be out of reach. Additional measures are therefore needed. 

MEASURES MIR SUSTAINABLE DEYEU)PMENT 
OF LAKE VOLKEXAWZOOM 

Improvement of the water quality of the Dmtel and the Hollandsch Diep, a reduction of 
atmosphed deposition and a reduction of the shippmg emission will result in the largest 
positive effect. Measures to reduce the load of pesticides, PAWS, PCB's, copper, mercury, 
zinc and cadmium have priority herein. 

As long as the quality does not match -table concentrations, a reduced intake of water 
from the Hollandsch Diep is a gmd interim measure. Another protection measure is a 
selective use of the slu~ces, e.g. only intake at times when the suspended solid 
concentration in the water of the Hollandsch Diep is low. 

In the evaluabon of the present water management of Lake VolkeraklZoom several water 
management alternatives are evaluated. Every alternative is a combination of two types of 
measures: variation in water level and variation of the maximum tolerated salt- 
concentration in Lake Zoom. The variations in water level are: NAP (Normaal 
Amsterdams PeU, the reference level in the Netherlands) and tolerated fluctuations between 
NAP-25 cm and NAP + l 5  cm. The variations of the maximum tolerated salt- 
concentrations m Lake Zoom are between 400 and 800 mgCl I1 (Table 3). 

Table 3 Three water management alternatives 

water level C1 concentration 

fixed 400 NAP <400 mgll 
vari 450 NAP +15cmto - 2 5 m  <400 mgll 
Md 800 NAP +15cmto -25cm < a00 mgll 

NAP = Normaal Amsterdams Peil (the reference level in the Netherlands) 

Reductions on the total load of three water management alternatives, chosen out of all 
combinations, are presented in Table 4. The load of micro-pollutants will increase when 
water management alternative "constant water level and 400 mg C111' is implemented. 
since this alternative will result in an increased intlow of Hobdsch  Diep water. 

Generally reducing the inlet of Hollandsch Diep water will result in a decreased loading 
rapidity. The effect of reduced m o w  of Hollandsch Diep water will be most positive for 
micro-pollutants which mainly originate fmm the Hollandsch Diep. This implies that the 
reduction will be most substantial for cadmium, chromium, PCB-28, and several PAWS. 
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Table 4 Incoming load of micro-pollufants compared to the present load for three. water 
management alternatives (%) 

fued 400 vari 450 vari 800 

Cadnuum 
copper 
Lead 
Zinc 
PCB- 1 80 
Benzo(a)pyrene 
Hexachloorbenzene 
7-BHC (lindane) 
2.4-DDT 

5 CONCLUSIONS 

At this moment Lake VoIkerak/Zoom is threatened by the water quality of its main water 
sources and atmospheric deposition. Nevertheless concentrations in the lake are much 
lower than found in most other water8 in the Netherlands. In the last few years it is shown 
that with restricted water intake the load of rn~cropollutants can be drasttcally reduced. To 
prevent Lake Volkerak/Zoom from severe pollution, a significant water quality 
improvement of the Dintel and HoUandsch Diep and a reduced atmospheric deposition is 
needed. While this is not achieved the chemical pollution will slowly increase to an 
unacceptable level, wluch does not allow susfainable development. T~LS w~ll result in losing 
a most valuable ecosystem. 
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LAKE VOLKERAKIZOOM, EUTROPEIC AND CLEAR? 

M.H.C. van den Hark, J.E.W. de Hwg and C.W. Iedemn 

I INTRODUCTION 

When Lake VolkerakIZoom was formed in 1987, expedations were that the new lake 
would become just as turbid as other freshwater lakes in the Netherlands. After all, the 
lake is fed with nutritive water from the Rhine and Meuse nvers and with water from the 
agricultural land of Brabant. Eutrophic substances, phosphate (P) and nihagen (N), in 
surface water usually cause excessive growth of algae in Dutch lakes. This can be 
identified by the brown or green colour of the water; large scale floamg layers of algae 
can also be found. 

At the beginning of the eighhes, calculations were made to forecast the eutrophic condiaon 
of Lake VolkeraklZoom (Van Eck, 19M). The forecasts for the phosphate concentration in 
the lake, the transparency and the algal biomass (expressed in mg chlorophyll-a per litre) 
are given in Table 1. 

Table 1 Forecasts before 1986 

P level 0.2 - 0.35 mgll 
transparency l m 
Chlorophyll-a 60 - 100 mg/m3 

Following the desalination in 1987t1988, it soon became obvious that in the first years of 
its existence Lake VolkeddZoom had not become the turbid, eutrophic lake as had been 
expected. In the summer, transparency can increase up to 5 m, which is unique for 
freshwater lakes of this size in the Netherlands. This article describas the development of 
Lake VolkeoWZoom in the field of eutmphication. Besides a description of what med 
m the lake in the period 1988-1990, it deals with minimization of the phosphate load and 
the expectations for the future with regard to the clarity of the lake. 
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Topographic and morphometric data on the lake can be found in the article of De 
Bruijckere (1992, this volume). 

2 PHOSPHATE LOAD 

Right from the creation of the lake, great attention has been paid to the possibilities of 
minimizing the phosphate load. In freshwater lakes in this part of the world, phosphate is 
the natural limiting factor for the growth of algae. The prognosis came out at an annual 
phosphate load of 16 to 30 g P/mz/year. To avoid excessive gmwth of algae, this 
phosphate load should be reduced to 2 to 4 g Plmalyear. Nitrogen is not covered in this 
article, as the chance that nitmgen could be M t m g  to the algae growth in this lake is 
negligible and because nitrogen reduction is more difficult to achieve than phosphate 
reduction. 

Measures, with which reduction of the phosphate load can be achieved, are on the one 
hand a reduction of the phosphate levels in the water of the supply sources, and on the 
other a reduction in the amount of water to be let in. 

The actual phosphate load m the 1988-1990 period is shown in Table 2. Figure 1 shows 
that the Bmbant rivers (6&39%) and the Hollandsch Diep (52.21%) were responsible for 
the largest percentage of the total load. 

Table 2 Phosphate load in 1988-1990 

Year 1988 1989 1990 
Type wet *) dry dry 

Lake VoIkeok 478 226 161 ton Ply 
10.4 4.9 3.5 g P/m2/y 

Lake 2094 212 67 62 ton Ply 
13.4 4.3 3.9 g P/m21y 

*) in 1988, three months' flushing took place for desalination purposes 

Effluent of the Nieuwveer waste water purification plant (200,000 i.e.) was diverted in 
May 1988 from the Dintel to the Hollandsch Diep. This meant a reduction in the P load of 
around 230 tons Plyear (Anonymus, 1989) as against the original forecasts. 

In the 1988-1990 period, the mean phosphate level in the Hollandsch Diep in the summer 
half of the year (1 April30 September), the period in which water is let in, had dmpped 
from 0.27 to 0.24 mg PA (Table 3). After 1989 there was a strong decrease in the 
phosphate concentration in the Dmtel from 0.5 to 0.31 mg PI1. In the Dintel in particular, 
the decrease in phosphate concentration was the resuit of a number of consecutive dry 
years, by which there is less surface runoff and drainage of the agricultural land. This is a 
temporary situation. Another factor was the effect of emission reduction measures 
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undertaken within the smpe of the Wine Action Plan and the North Sea Action Plan in the 
drainage area. 

tonPly Krammer- & 
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m Bathse Spur- 
slu~ce 

300 
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Volkerak 
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Figure 1 The contribution made by the various items in the supply and discharge of 
phosphate to and from Lake VolkeraklZoom in the period between 1988-1990 

Table 3 Phosphate concentration in the supplied water in mg PI1 

Hollandscb Diep 0.27 0.25 0.24 
Dintel 0.47 0.5 0.31 

Funher the phosphate load has been strongly reduced by decreasing the inlet via the 
Volkemk shices from 22 m31s to approximately 10 m31s and because the discharge from 
the Dintel was low in I989 and 1990 due to the relatively limited rainfall. 

2.1 Retention of phosphate 

Discharge of phosphate From the lake takes place via the Krammer sluices, the Kreekrak 
sluices and the Bath drainage canal. More than half of the phosphate load (51.57%) was 
retained in the lake. This is a high level of retention when compared with other Dutch 
lakes. 



The largest part of the phosphate load amved during the autumn and winter and settled in 
the eastern part of the Volkerak, near the water-inlet points. Here the phosphate was stored 
in the bottom sediments. In the fume, this phosphate stored in the sediment might be 
released and impede the effect of measures taken to reduce phospate loed to the lake. 

Table 4 Average summer values of a number of eutrophication parameters 

Year P total P ortho transp. chlorophyll 

1988 Lake Volkerak 0.18 0.11 2.1 21 
Lake Zoom 0.16 0.08 1.7 29 

1989 Lake Volkerak 
Lake Zoom 

1990 Lake Volkerak 
Lake Zoom 

AMK *) 0.15 0.4 103 

*) AMK (Algemene Milieu Kwaliteit, the general environmental quality standard in the 
Netherlands) 

month 

1990 

0.40 
total-P (ma/l) 

Figure 2 Phosphate concentration in Lake VolkemWZoom in 1988-1990 
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3 DEVELOPMENTS IN THE LAKE 

3.1 Phosphate levels 

The average summer phosphate level dropped from 0.18 mg Pn in 1988 to 0.09 mg PI1 in 
1990 (Table 4). The level of ortho-phosphate dropped from 0.10 to 0.04 mg PII. 

The phosphate level showed evident seasonal fluctuations (Figure 2), wth maximums in 
autumn and winter and minimums in summer. For short periods during summer the ortho- 
phosphate concentration was lower than 0.01 mg Pll; a concentration which can lead to 
growth restriction for algae. Strong algal growth 1 possible at the average measured 
summer concentration of phosphate, so that an algal biomass of between 60 and 100 pgll 
could be expected. 

3.2 Algae in the water and on the lake bottom 

The average summer chlorophyll-a level dropped from 25 mg/m3 in 1988 to less than 10 
mg/ml in 1990 (Table 4). The highest values were found in the early spring (Figure 3). In 
1988 this maximum was 110 mg/m', in 1990 this was down to 38 mglm'. 

month 

Figure 3 Chlorophyll-a level in Lake Volkerak/Zwm in 1988-1990 

The composition of the algae in 1989 and 1990 was mainly determined by flagellates 
(C~ptomonar sp. and Rhodomonar sp.) and by siliceous algae. Blue algae were present 
from August to November, at which time the types Microcystis aeruginosa and 
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Aphaniwmenon jlosaquae legularly form floating layers. In 1990 there was a noticeable 
abundance of filamentous algae (e.g. ENeromorpha sp.). 

Tbe low quantity of algae were not due to a limited production. Primary production 
measurements showed conditions which are meso- to eutrophic. On a yearly basis the 
average primary production was 0.9 to 2.0 g C/mz/&y. This was just as high as in other 
euuophic lakes in the Netherlands, such as the Loosdrechtse Plassen and the Wolderwijd. 
In 1990 the average daily production of the algae exceeded their own weight. 

A characteristic feature of Lala Volkerak is the large scale presence of bottom algae. In 
the summer of 1990 bottom algae were found to a depth of 6 m, with a total hiomass of 
over 3,000 kg chlorophyll-a, while in the same period in the water phase algae biomass 
amounted to only 1,900 kg chlorophyll-a. The biomass of bottom algae is highest in 
sheltered spots and lowest in places exposed to the wind. The production of the bottom 
algae in the summer of 1990 has been estimated at 1.7 g C/m2/&y; this is roughly 
wmparable to the extent of the production of algae in the water phase. 

The bottom algae are an important link in keeping the system clear. They can reduce the 
discharge of phosphate and silicate by the lake bottom and thus limit the growth of other 
algae. 

3.3 Zooplankton 

The low algal biomass was related to the presence of large types of zooplankton. 
Cladocera, particularly water fleas (Daphnio v.) were important in this process. In the 
spring of 1990 the Copepod (Emytemora aflinis) played an important role. It is a kind 
which can be found in freshwater, salt water and brackish water alike. The m m n  
achieved the highest biomass in May, when the large water fleas reached their greatest 
density (Figure 4). Measurements in 1989 and 1990 showed the grazing pressure on the 
algae was highest in that period (Gulati et al, 1991); some days more algae were eaten in a 
day than were produced. In the summer months grazing pressure was usually lower and it 
peaked again in the autumn. In 198911990 the zooplanlrton filtered the entire contents of 
the lake in 1 to 4 days. 

3.4 Transparency 

The average summer transparency has increased from 1.9 m in 1988 to 3.1 m in 1990 
(Table 4). From January to March the transparency was approximately 1 m (Figure 5). 
The highest transpuencies of 3.5 to 5 m were measured in the period from mid April till 
June. This was a result of the strong grazing pressure by water fleas and the resultant low 
algal biomass (Figure 6). 

The clear water offers favourable conditions for the development of a system rich in water 
plants and bottom algae. 
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Figure 4 Number of Cl-ra in Lake Volkerak/Zoom in 1988-1990 
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Figure 5 Transparency in lake Volkerak/Zoom in 1988-1990 
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.J ANALYSIS OF THE AQUATIC ECOSYSTEM 

The great transparency of the lake is a direct consequence of the presence of large 
zooplankton and the resultant grazing pressure on the algae. Figure 7 shows how the 
various components in a lake influence one another. There were few whiteiish in Lake 
Volk&%m in the period 1988-1990 (Ligtvoet 1992, this volume), so that the large 
water fleas were not grazed on. In turbid lakes on the contrary, the numbers of whitefish, 
paaicularly bream, are so great that all the zmplankton is eaten away. The grazing 
pressure on the algae diminishes and excessive algal growth is the result. 

Fxpectations are that with the present phosphate concentratio118 and without further 
measures being taken, in Lake Volkerak//Zoom the fish population will develop to a bream 
dominated stock. This wlll mean a great reduction in the numbers of zooplankton leading 
to a lower gradng pressure, an increase in algal biomm and a decreased transparency of 
the water. 

In order to keep Lake Vokerak/Zoom permanently clear with a transparency of 
approximately 2 m, the amount of algae must be resaicted to a chlorophyll-a level of 
approximately 10 to 20 &l. According to the CUWVO ratio (CUWVO, 1988), achieving 
such a low level through lack of phosphate is possible at an average summer phosphate 
concentation of 0.016 to 0.032 mg PR. However, experience in other lakes has shown 
that, even at higher concentrations of phosphate, up to approximately 0.10 mg PI1 (Hosper 
et al. 1992). systems can be kept clcar thanks to the great grdzing pressure of water fleas. 
But this is only possible if the fish population is of a balanccd compos~tion. 

5 PROGNOSIS 

The above paragraphs have made it clear that, despite the favourable developments until 
now, the present phosphate loads can be expected to result in undesirable symptoms of 
eutrophication. The manner in which the phosphate load will develop depends greatly on 
the implementation of cleaning measures, bottom protection measures and with the 
mhation of water ranoval for agricultural use from Lake Volkerak/Zoom. The 
developments in the lake itsel£ are also dependent on changes in the phosphate retention of 
the lake bottom and changes in the aquatic ecosystem. 

5.1 Rhine Action PIan and North Sea Action Plan 

It is dfl~cult to predict the phosphate levels in the Hollandsch D~ep in 1995 in wnnection 
Nit& the progress of the Rhine and the North Sea Action Plan. In 1991 the phosphate level 
in the Hollandsch Diep already dropped below the levels predicted for the year 2000, based 
on model calculations. This could be the result of a rapid progress of sanitation measures, 
but could also be the result of the sequence of three dry years. The prognosis are 
calculated for two situations for the phosphate level of the inlet water from the Hollandsch 
Diep: 
- 0.15 mg/l: the average summer level in 1991; 
- 0.19 mdl: the predicted level for the year 2000. 
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5.2 Brabant riven 

In 1991 Rijkswaterstaa! entered into a managerial agreement with the Waterauthority 
Hoogheemraadschap West Bnbant and the Flemish Environmental Company (Vlaamse 
Milieu Maatschappij) to reduce phosphate emission from the purification plants in the Mark 
and D i l  basin before 1 January 1993 (see the contribution by Van Oers et al., 1992, this 
volume). 

Within the framework of this management agreement, agreements will also be made on 
reductions in the surface runoff of manure from the agricultural land in the drainage area 
of the Mark and Dintel. Expectations are that, in an average year, the phosphate load from 
the Mark and Dintel will be reduced by approximately 54 tons as from 1993. Following 
optimization of the sedimentation capacity for silt in the Dintel, estimates show that more 
phosphate can be left in the Dintel (55% instead of 45%), which will further reduce the P 
load on the lake. 

A factor which will cbmplicate matters is that the phosphate loads of the Mark and Dintel 
fluctuate strongly as a result of diierences in the hydrological conditions. The measures 
will have more effect in wet years than in dry years. For wet and dry years we must take 
account of a range between 68 and 231 ton Plyear. 

5.3 Other sources 

Elimination of phosphate m waste water purification plants along Lake Volkerak and the 
Eendracht will lead to a reduction from 8.8 tons phosphate in 1990 to 5.8 tons in 1995. 
Polder discharges depend strongly on meteorological condihons. No further reduction in 
the load is expected. Diversion of the polder discharges on Tholen from the Eendracht to 
the Oosterscbelde can lead to a reduction of 9 to 16 tons phosphate in Lake Zoom. 

From 1992 the flushing of Lake VoIkeraWZoom wffl rise as a result of the removal of 
water for agricultural use from the Bath drainage canal. This will mean a 35 ton P increase 
in the phosphate load, based on the phosphate loads of the last year. This can be reduced 
by 50% by preventing salt water to enter the lake at the Bergsediep sluice, which will be 
achieved in 1992. 

Table 5 shows a summary of the prognosis for the phosphate load of Lake Volkerak and 
Lake Zoom for a wet and a dry year, respectively. The expected phosphate load after 1995 
is lower than the present load (Table 2). 

The most important question is whether the expected load will be suffic~ently low to 
prevent the lake from beroming turbid. In order to answer this question, an estimate has 
been made as to what the maximum phosphate load in Lake Volkerak can be in order to 
arrive at an annual avenge of total phosphorus of 0.10 mg PI1 (Table 6). The exteat of the 
admissible load depends on the retention of phosphate in the lake. Such an estimate cannot 
be made for Lake Zoom, as there is insufficient information on the retention ratio. 
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Tahle 5 Prognosis of the phosphate load after I995 (ton Plyear). (The range in values is 
arrived at after calculating with a phosphate level of 0.15 and 0.19 mg P11 in the 
Hollandsch Diep). 

LAKE VOLKERAE: 
g Plmzly 

Hollandsch Diep 
Ditel & Vliet 
other 

LAKE ZOOM 
Eendracht 
other 

wet year h year 

Tahle 6 Estimate of the maxlmum admissible phosphate W (in g/m'/year) on Lake 
VoLkerak, in order to achieve an annual average phosphate level of 0.10 mgll. 

wet dm 

Admissible 
optimistic 
pessimistic 

Pmgnosis 

Present situation 10.4 (1988) 4.9 (1989) 

The calculation of the admissible load is based on the CUWVO ratio between phosphate 
loads, retention and residence time (F~gure 8) (CUWVO, 1988). When calculations are 
based on the information from Lake Volkerak itself, where the retention of phosphate is 
still high now, we anive at an optimistic estimate. However, when the CUWVO ratio is 
applied, a ratio which is based on the information from other Dutch lakes with a lower 
retention, a more pessimistic image is presented. 

Table 6 shows that in the optimistic assumption on retention, the P load will be lower than 
the maximum admissible P load in dry years. However, in wet years the P load will be too 
high. If the retention decreases (pessimistic situation), the maximum admissible load drops, 
and in that ease the predicted P load is still too high to uphold an annual average phosphate 
levd of 0.10 mgn. 
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Figure 8 The maximum admissible phosphate load in Lake Volkerak in order to achieve an 
average phosphate level of 0.10 mg PI1 in relation to the residence time. Shown 
are the ratio according to CUWVO (1988) and the ratio based on the information 
on Lake Vollrenk over the period 1988-1990. The lake is 5.2 m e w  deep. 

Figure 9 The phosphate load in Lake Volkemk in the ease of various alternatives for salt 
levels and water level variations 
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5.4 Eftect of management f i m t i v e s  

In order to d u c e  the load of pollutants to the lake, several alternatives were designed for 
reducing water supply at the VoIkerak sluices. Behrens (1992, this volume) gives a 
description of the alternatives and their consequences for the water supply. The results for 
the phosphate load are presented in Figure 9. It shows the effect of the alternatives 
"steeriog towards 450 mg CY1" and "no flushing" on the phosphate load of Lake Volkerak 
in relation to the reference situation "steering towards 400 m& CIII*. In a dry year "no 
flushmg"can lead to a reduction of approximately 25% in the phosphate load. In a wet 
year supply is mainly via the Ditel and the reduction will be 5% at the most. 

When a water level fluctuation of betweeo NAP (Normal Amsterdam Peil, the reference 
level in the Netherlands) - 0.15 m and NAP + 0.25 m is allowed (Figure 9). a maximum 
extra profit of 5% can be attained, compared to a bed water l e d .  

Due to the lower load of phosphate, the lake bottom will not pile up as quickly with 
phosphate. However, the phosphate concentrahons in the lake will remain approximately as 
high as ever. This is beeause the residence time will be prolonged and the admissible load 
will drop (see Figure 8), though to the same extent as the actual drop in P load. 

6 CONCLUSIONS 

Until new Lake VolkwldZoom was eutrophic but also clear. The average summer levels 
of phosphate were higher than 0.08 mg PI1 and there was a strong algal growth. However, 
the algae were grazed away by large numbers of water fleas, so that the system remained 
clear. 

Upon rdizahon of the proposed water quality unprovement measures, the phosphate load 
of 1995 could balance out amnd the admissible load. Jht there is a risk that the phosphate 
retention of the lake bottom will deercase m the long term. In that case, the phosphate load 
will have to decrease as well. Exha efforts to improve water quality seem to be inevitable 
in order to guarantee a clear Lake VolkeraklZoom in the future. 

Construction of suitable habitats and fish stock management are essential in order to avoid 
the aquatic ecosystem from prematurely developing into the undesirable turbid situation. 

The management alternatives do not have a direct effect on the phosphate concentration in 
the lake. However, by limiting the flushing process, the phosphate load will be reduced in 
a dry year, along with the speed with which the bottom sediments pile up w~th phosphate. 
This is favourable in order to keep down the internal phosphate load through consequent 
release from the lake bottom. 

ANONYMUS; 1989. Actieplan Volkerak-Zoommeer. Rijkswaterstaat, Directie Zeeland, 
nota AXW 089.013, Middelburg. 
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SANITATION OPERATIONS IN TEE BASIN OF THE RIVER MARK 

R.E.M. van k, J.B.M. Sornels and J.V. Witter 

1 INTRODUCTION 

In 1987 a freshwater lake, Lake Volkerak/Zmm, was created, which is fed to a substantial 
degree by the river Mark. The lake is stagnant and hence susceptible to eutrophication, so 
that additional sanitafion measures proved necessary in the catchment area in order to avoid 
the impending rapid growth of algae and the bottom hemming saturated with 
micmpollutants. As the catchment area covers part of the Belgian province of Flanders, the 
problems also have international aspeets. 

This article looks at the basic philosophy of the regional water umtml boards in the 
Netherlands and Flanders and the (differing) water-quality objectives for the Mark in force 
in the various regions through which the Mark flows. 

The source of the pollutimta iu givm in brad outline and the relative importance of the 
various sources illustrated on the basis of mass balances for phosphate, nitrogen and heavy 
metals. The results of the sanitation measures taken in West Brabant and Flanders are also 
given. 

M y ,  the conclusions look at the forecasts of future water quality and the need to reduce 
even further non-point pollution from agriculture in particnlar. 

2 DESCRFITON OF THE CATCHMENT AREA (Figure 1) 

The total surface area that drains into Lake VolkeraL/Zmm from West Brabant and the 
northern Kempen region of Flanders is about 1,500 km2, 70% of which is situated in the 
Netherlands and 30% in Flanders. 

The largest part (75%) consists of sandy soil which is primarily used for (intens~e) cattle 
farming and market gardening. The other 25% is marine clay which is principally in use as 
arable land. More than half a million people live and work in this area in a number of 
medium-sized towns and villages. Indusbial sites are located around the towns and along 
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the large Dutch stateadministered waters that bound the area in the west and north. The 
main branches of industry in the region are the canned foods, sugar and chemical 
industdes. The height of the region varies from 35 m above NAP (Normaal Amsterdams 
Peil, the reference level in the Netherlands) in Flanders to 0.5 m below NAP in the polders 
of West Brabant. 

Figure 1 The basin of the Mark 

The principal waters are: 
* The Mark and Dintel. 

This 76-km-long river drains about 8096 of the area in question and where it flows into 
Lake Volkerak/Zoom it has an average flow rate of 12 m31s; 

* The Roosendaalse and Steenbergse Vliet, which accounts for about 15% of the drainage 
(average flow rate about 2 m3/s); 

* The other waters. These consist mainly of polder-water courses and together they 
discharge on average less than 1 m3/s into Lake Volke&Zoom. 

More than 85% of the domestic waste water and industrial effluent from the West Brahant 
section of the catchment area is drained off (after biolog~cal purification) into the 
Westerschelde and the Hollandsch Diep. The remaining Dutch and Flemish waste water is 
treated biologically in situ in seventeen, for the most part small, purification plants. In 
addition, a Limited amount of purified industrial effluent is also discharged directly. 



3 BASIC PHIIDSOPHY OF THE REGIONAL WATER COWROI. 
BOARDS IN TIIE NETHERLANDS AND E'LANDFM 

There is no fundamental difference in the bases of policy relating to water control in the 
Netherlands and Flanders. This is illustrated by the following examples. 

In both countries: 
- immission objectives for waters with a special purpose are based on current EC 

(European Community) guidelines, supplemented by basic quality standards for the 
remaining waters; 

- emission objectives are based on the EC black-listed ~ubstances policy and on 
agreements made during the three North Sea Ministers' ConCerencea (50% reduction in 
environmentally hazardous substances m 1995); 

- regional water management plans have been drawn up on the bas~s of policy plans. 
The following plans are of direct interest for the area under wnsideration in this article: 
* Water Management Plan Lake Zoom 1988-1W. 

= Fhbration of the Management Plan for State-administered Waters and of the 
Third Policy Document on Water Management. 

* Integrated Water Management Plan West Brabant 1993-1996. 
S Elaboration of Provincial Water Policy Plan. 

* Environmental Policy Plan for Flanders, 1990-1995, section on surface waters. 
= Elaboration of MINA-plan 2000. 

However, there is a substantial difference in the way these policy plans are elaborated and 
the stage of implementation of the policy. For example, in Zeeland and West Brabant 
strong emphasis is placed on integrated water management, whereas in Flanders emphasis 
is for tDe moment placed on proteaion against pollution. This is evidenced by, amongst 
others, differences in water quality objectives. To illustrate this we shall follow the Mark 
from its source in Flanders to its mouth in Lake VolkeraWZoom. Along its way the river 
passes through three control areas. Table 1 compares the objectives and standards mat 
apply for the liqu~d phase. In the case of the standards, options are presented for those 
parameters which are most important for the oxygen b a l m ,  the nutrients and the 
inorganic micropollutants. 

On closer examination the following points stand out: 
- In the downstream duffition increasingly stricter objectives and concomitant standards 

apply: from the basic quality in the upper reaches via cyprinid water to natural water in 
Lake Volkerak/Zoom; 

- It should be noted that increasingly stricter objectives in the direction of the mouth of 
the river conflict with the natural tendency of a river to become richer in nutrients 
downstream; 

- Furthermore, basic quality standards differ between Flanders and the Netherlands; 
- In the Netherlands the general environmental quality standard (Algemene Milieu 

Kwaliteit - AMK) applies, m Flanders the basic quality standard for Belgium. The 
AMK standard is stricter with regard to nutrients, heavy metals and pesticides. In 
addition, a water's function as fishimg water results in a higher oxygen standard; 

- The natural objective for Lake VolkeraWZoom is aimed primarily at obtaining clear 
water (very low nutrient content) and a clean sedimentary layer (very low 
micropoUutant content). This goes even further than the AMK. 
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Table 1 Comparison of objectives and standards 

Notes A = absolute value M = median value I = applies to a few 
G = average Z = summer average individual substances 

4 EXAMINATION OF WATER-QUALITY OBJECTIVES 

The various waterquality objectives in force for the Mark were examined at the cmsslng 
points of the three control areas in question. Table 2 gives the waterquality data gathered 
by Waterauthonty Hoogheemraadschap West Brabant in the period 1989-1991 at these 
locations, together with the results of the examination. 

Before interpreting the &ta, the following notes need to be made: 
* Only the environmental compamnent "water" was examined using the same parameters 

as in Table l ;  
* The period in question, 1989-1991, comes @er the effluent from the big sewage 

treatment plant at Nieuwveer was diverted to the Hollandsch Diep; 
* The average values presented in the table have been incorporated as an indication only 

and have not been used for examining the (often) absolute standards. 
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l'able 2 Examination of waterquality objectives 

In respect of the results of the examination the following comments can be made: 

1. With regard to the Mark where it crosses the border between Flanders and West 
Brabant: 
- the oxygen content is not as it should be regarding the fishing-water objective; 
- the concentrations of nuhients are too high, but there are no problems with 

eutrophieation here; 
- the heavy-metal contents satisfy Eelgium's basic quality, but are a long way from 

meeting Dutch AMK standards; 
- the orgamhlorine and organophosphorous pesticides exceed both the Belgian and the 

Dutch basic quality. 

2. With regard to the Diitel where it crosses the border between West Brabant and 
Zeeland: 
- there is nothing wrong with the oxygen content; 
- in the light of the impending problem of eutrophication, the concentrations of 

phosphate and nitrogen are 2 - 4 times too high; 
- the heavy metals and pesticides do not meet AMK sfandards and constitute a potential 

source of pollution for the sediment layer of the river. 

The problems have been clearly outlined above. Further remedial action to sanitize sources 
of pollution is required in order to reach our waterquality objectives in the long term. 
Further quantification of the various sources is important in order to enable specific 
sanitation measures to be taken. The following section looks at this in greater depth. 
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5 SOURCES OF POLLUTION 

The water pollution in Flanders and West Brabant is caused by the same types of pomt 
sources and non-point sources. 

The point sources can be subdivided into: 
- discharges of effluent from sewage treatment plants; 
- industrial discharges; 
- oveflows from sewers; 
- discharges fmm dwellings not connected ta the central sewer system. 

In the case of the non-point sources, a distinction can be drawn between: 
- agricultural fertilizers and pesticides being washed off or away; 
- wet and dry deposition; 
- natural washing away ("background"). 

Table 3 gives mass balances of phosphate, nitrogen and heavy metals. The mass balances 
reflect the present situation and roughly quantify the sources of pollution. 

Table 3 Rough mass balance of substances in catchment area 

The following comments should be observed when looking at the fable: 
* Only the largest (groups of) sources have been shown; 
* The mass balances have not been compiled for pesticides as a result of insufficient data; 
* The loads for the point sources have been calculated for 1990; 



SPslratiao opetst~oas m the basm of 16e river Mark 

* The "other" item is to a substantial degree the result of natural background processes; 
* The cross-border loads and the non-point discharges have been calculated for an average 

hydrological year. Very big differences can occur in these items as a result of wet or 
dry years. 

The following concluding and explanatory remarks can be made with respect to Table 3: 
* Phosphate and nitrogen pollution from Flanders is of the same order as the discharges 

on Dutch territory. This does not hold true for the heavy metals, the majority of which 
come fmm Flanders; 

* The point sources in West Brabant have been sanihzed to a large extent. 
In the 1970s and 1980s, domestic waste water and industrial effluent were largely 
diverted away from the river basin. Purification takes place at the large plants at Bath 
and Nieuwveer. which discharge their effluent into the Westerschelde and the 
Hollandsch Diep respectively; 
There are another ten small sewage treatment plants in West Brabant which discharge 
directly or indi i t ly into Lake Volkerak/Zoom; 

* Until recently only limited dephosphatization was possible at the small West Brabant 
sewage Veatment plants. The current statutory requirements in the Netherlands, 
regarding dephosphatktion (75% removal per control area in 1995) in the first place, 
stimulate the taking of steps at the large plants; 

* The sugar industry, which has historically been strongly represented in West Brabant, 
purifies its own effluent to a very high degree; 

* The point sources on Flemish territory have Wrewse been sanitized. Seven small to 
medium-sized biological purification plants purify the domestic and industrial waste 
water brought in. Largescale removal of phosphate was not originally intended; 

* As only a low percentage of the socalled scattered dwellings in Plandcrs are comected 
to the sewer system, the discharges from these dwellings conMUe to constitute a major 
source of pollution; 

* The agricuttural industry in West Brabant as well as in Flanders is a major supplier of 
nitrogen and phosphate. In particular intensive cattle-breeding on the sandy soils is to 
blame for this. Ita contribution of phosphate is estimated at 3096, and of nitrogen 50% 
of the total burden in the catchment area; 

* The high retenuon capacity of the waters in the area is favourable. Of the phosphates 
and heavy metals carried in, 45% and 70% reqwtively are retained in the sediment. 

6 SANITATION MEASURES 

As stated above, the sanitation of point discharges of oxygen ahsorbents in West Brabant 
was virtually completed in the 1970s and 1980s. The f d  step was the diversion of the 
effluent from the big sewage treatment plant at Nieuwveer to the Hollandsch D~ep in May 
1988. A new policy of removing nitrogen and phosphate at the large sewage treatment 
plants has been implemented. Stricter standards are also being introduced for industrial 
dlseharges and emissions from sewer systems. 

The water-quality control board cannot directly enforce the sanitation of non-point 
discharges. In this respect it is dependent an other rules and legislation. The applicable 
legislation regarding the reduction of nutrients from the Dutch agricultural sector are the 
Manure Act and the Soil Protection Act. The long-term plan for crop protection is of 
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importance with regard to reducing pesticides. 

Unfo&~teIy, positive effects for the aquatic environment can only be expected in the long 
term due to, in particular, the phosphate-saturation of terrestrial soils. Favourable effects 
have already been achieved by, or can be q t e d  from the introduction of unleaded 
petrol, phosphatefree detergents and the ban on the use of PCBs and other black-tisted 
substances in production p m s e s .  

Point disoharges have also been sanitized in Planders and in principle the same 
supplementary measures will be taken. Due to the less strict standards regarding water 
quality, these measures are. expected to be carried out at a slower p and for the time 
G i g  to be less far-reaching regarding reduction objectives. 

The higb number of scatkred buildings constitutes an additional problem, because a large 
numba of dwellings and industrial premises are not connected to a sewer system. The 
large concentration of intensive cattle-breeding in northern Kempen also poses a threat to 
the quality of surface waters. The Flemish authorities are attempting to limit the effects of 
this development with the Fertilizg Decree, which came into effect in January 1991. 

As it soon became obvious that the above measures would not be adequate to save Lake 
Volkerak/Zoom from an overabundant gmwth of algae, Rijkswalerstaat, Duectorate 
Zeeland; Flemish Environmental Compaay and Waterauthority Hoogheemraadschap West 
Brabant concluded an administrative agreement in September 1990. The agreement contains 
two important supplementary measures: 
- the swift introduction of dephosphatization at the 10 West Brabant and 3 Flemish 

sewage treatment plants in the catchment area (by 1 January 1993); 
- investigation of the sedimentation behaviour and sediment quality of the Mark. 

This will look at both source- and effect-oriented solutions for the problems of 

Phosphate dredging and (in the future) the separate in-situ entrapment of dean sand and 
polluted silt are being considered in order to maintain or impmve the river's retention 
capacity with respect to phosphates. 

EXF'ECTED RESULTS OF SANITATION MEASURES 

One of the principal objectives of the sanitation measures described above is to reduce the 
phosphate content in the water m such an extent that the growth of algae in the Dintel and 
Lake VolkerakIZmm is greatly inhibited. The target value for the Dintel is 0.15 mg P d .  
Translated into the amount of phosphate, that would be permitted to leave the catchment 
area in average years, this equals 60-80 tonnes Pdyear. 

Table 4 shows the expected phosphate loads afler completion of the sanitation measures 
around 1995. Rough forwasts are given for the other substances. 

As can be expected, the reduction in phosphate will mainly be achieved thmugh 
dephosphatization at the sewage treatment plants and maintaininglimproving the river's 
capacity to retain phosphate. Due to the large buffer stocks of phosphates in the soil of 
sandy regions, no effect is expected for the time being from the reduction in fertilizer 
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doses. However, nitmgen emissions are expected to drop by an estimated 10 - 20% as a 
result. It is difficult to estimate the effect of the planned reduction in the use of pesticides 
in the (Dutch) agricultural sector for the period up to 1995. 

As a result of socalled autonomous policy (reduction of grey and black-listed substances), 
the heavy metals load wuld drop by 10 - 30%. Obviously, the biggest "win" should be 
made in Flanders. 

Translated into objectives, all U, means that the standards will be more closely 
approximated, but not yet achieved. The biggest difference can be found m the nutrients. 
Without additional effort, in particular in the field of agriculture both in West Brabant and 
m Flanders, an excessive growth of algae seems inevitable in the long term. Much still 
needs to be done in the sphere of reducing pesticides. 

Table 4 Expected results of sanitation measures 

Forecast for other substances: 
Nitrogen : l0 - 20% reduction 
Heavy metals: 10 - 30% reduction 
Pesticides : no forecast 

8 CONCLUSIONS 

1. In recent decades great efforts have been made in Flanders and West Brabant to 
remedy pollution and improve the oxygen balance in the basin of the river Mark, and 
hence also to reduce the burden on Lake VoUrerak, which at the time was salty; 
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2. Going from the source to the mouth of the Mark, especially in the Netherlands the 
allooated functions and the water-quality objectives have been continually raised, which 
is conaary to the natural tendency of the river to absorb more substances downstream 
and became richer in nutrients; 

3. The control measures, implemented within the cuntext of the international action plans 
governing the Rhine and the North Sea and the administrative agreement concluded 
between Rijkswalemtaat, Directorate Zeeland; Flemish Environmental Company and 
Waterauthority Hoogheemraadschap West Brabant, to achieve the above quality 
objectives and to protect the stagnant, freshwater lake VolkeraWZoom against an 
impending rapid growth of algae and pollution of the sduuentary layer of the lake, are 
resulting in improvement but are not adequate in the long term to secure this ultimate 
objective; 

4. A sweepibg reduction in nutrients and pesticides is therefore necessary. In view of the 
predominantly not-point and pattly foreiga origin of these substances, Waterauthority 
H o o ~ ~ s c h a p  West Brabant does not have at its disposal the statutory 
inshuments to enforce such sanitation measures; 

5. Further consultation followed by agreements at a higher and broader administrative 
level wuld lead to openings wbich would provide a way out of these difficulties. 

In recent decades great efforts have been made in Flanders as well as in West Brabant to 
improve the oxygen content of the surface waters in the basin of the river Mark. Through 
the creation in 1987 of the freshwater lake Volkerak-Zoom, which is stagnant and hence 
susceptible to eutrophication, the need for a sweeping sanitation of nutrients and 
micropollutants in the catchment arep became urgent. Although a huge step was made in 
the right direction in  1988 with the diversion of effluent from the large sewage treatment 
plant at Nieuwveer to the Hollandsch Diep, and the proposed measures for reduction in the 
context of the policy objectives of the international action plans goveming the Rhine and 
North Sea hold a further improvement of the water quality in the hasin of the Mark in 
prospect, mass balance studies showed that the load on Lake Volkerak/Zoom would 
nevertheless remain too high. This was directly related to the high water-quality objectives 
in force for this surface water. 

The largest point sources still present in the area are the effluent discharges fmm the 
seventeen, mostly small, Flemish and West Brabant sewage treatment plants. For this 
reason the three water contfol organizations concerned, namely Rijkswaterstaat, Directorate 
Zeeland; Flemish Environmental Company and Waterauthority Hoogheemraadschap West 
Brabant, signed an adfishat ive agreement on steps to accelerate dephosphatization at 
t h i n  of the said sewage treatment plants (by 1993). On top of this, the sedimentation 
behaviour and sediment quality of the Mark will be investigated, Dependiig on the results 
of the investigation, this may result in the near future in &edging of phosphate-rich 
sediments in order to maintain or slightly improve the river's important capacity to retain 
phosphates. Although the aim of these supplementary wntrol measures is to bring the 
waterquality objectives for the Mark and Lake Volkerak/Zoom cfoser, in the long term 
they are not adequate permanently to prevent an impending rapid growth of algae and 
saturation of the sedimentary layers of these waters with pollutants. A more sweeping 
reduction in nutrients and micropollutants is therefore necessary. 
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The only remaining soufie of significance which has not been sanitized is constituted by 
the non-point discharges from the agricultural sector in Flanders and West Brabant. The 
water control organizations do not have at their disposal the statutory instruments to 
enforce spec& sanitation measures to eliminate this source. Fwther agreements at a 
higher and broader administrative level could possibly lead to openings which would 
provide a way out of these difficulties. 
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FISH IN CLEAR WATER 
Fish-stock development and management in Lake VolkeraWZoom 

W. Ligtvoet and UP. Grimm 

ABSTRACT 

The objective for Lake VolkeraWZwm is to maintain the current clear-water situation and 
prevent a shiR to turbid water with a heavy algae concentration dominated by c y p ~ i d s .  To 
accomplish this, the two most important methods are supressing the nutrient load and 
contmlling the development of the aquatic ecosystem. As fish-stock development plays a 
central role in the development of the aquatic ecosystem, it has been monitored and a fish- 
stock management plan has been formulated with the aim of maintaining water quality. 

The development of stocks of predatorous fish (pike, perch and pike perch) as well as of 
cyprinids (including bream and roach) is an essential part of fish-stock management. The 
fish-stock development from the time the lakes were cloM off from salt water, and the 
most important processes, including the stock processes in 1991, are discussed. 

The prognosis for the lakes, based on an empirical model of which the most important 
control variables are the nutrient concentration (P concentration) in the water column and 
the environmental structure of emergent bank vegetation and submerged water vegetation, 
creates a prospect to maintain clear water on a permanent basis. One of the preconditions 
for this is the establishment of a pikettench fish community, with pike as thg dominant 
predator. However, neither the fish stock nor the hank and water vegetation are currently 
adequate for this. 

The outlines of the strategy for developing and managing the fish stock are as follows: 
1. Nature development: the development of the required habitat for pike, together with the 

promotion of the pike stock 
2. Fish stock management: until the pike stock is sufficiently developed the present 

predator fish stock should be promoted and the development of the cyprinids retarded 
by means of specific control fishing. 
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Management objectives for the composition of the predator fish stock, structure ot the 
lakes as pike waters, and the maximum allowable whitefish stock have been quantified. 

With the closure of the Oesterdam in the spring of 1986 and the Philipsdam in April 1987, 
Lake Volkerak and Lake Zoom were closed off from salt water and a new freshwater 
system with a stagnant level was created. Next to shipng, "nature" is considered to be the 
area's main function. The lakes underwent favourable development immediately after 
enclosure. Despite the high phosphate load (Van Veen, 1990) the water was very clear, 
with a Secchi depth of 2-3 m, a situation which has been maintained to the present day 
(Van den Hark et al., 1992, this volume). However, developments in other desalinated, 
formerly marine areas msselmeer, Lauwersmeer) indicate that the initially clear water 
becomes turbid 5-10 years after enclosure. 

Within the framework of the desired nature development in Lake VolkeraklZoom, a major 
objective for the lakes is the prevention of the reversion to turbid water and the 
maintenance of the clear-water situation. The two most important methods to accomplish 
this are the reduction of tbe nutrient load (Van den Hark et al., 1992, this volume) and a 
conaolled development of the aquatic ecosystem. 

The control of the development of aquatic ecosystems, in which fish-stock management is a 
central factor wnndorf, 1989), has become nationally familiar under the name Active 
Biological Management. Below will be described how this has been applied to Lake 
VolkeraWZoom. Consideration is given to the three most important variables eonholling 
the size and composition of the fish stock, namely (1) nutrients, (2) predation, and (3) bank 
and water vegetation. The relationship between nutrients, environmental structure in the 
form of bank and water v e g d o n ,  and the fish community are briefly outlined. Based on 
these relationships, and following a description of the developments of the fish stock so 
far, a prognosis is made of developments without supe~sory~management. Then the fish 
stock targets are specified and quantified and the desired management strategy formulated. 

NUTRIENTS, VEGETATION AM) FISH STOCK 

There is a positive correlation between the fish biomass and the total phosphate 
concentration in the water column (Hanson and Leggett, 1982; Grimm and Baekx, 1990). 
Grimm et al. (1992) present an empirical model in which the nutrient concentration of the 
water expressed as the average of the total summer phosphate concentration (hereafter 
called the P concentration) and the environmental vegetation structure are linked to the size 
and composition of the fish stock. Three water types can be distinguished, characterized as 
"perch water" (I), "pikeltench water" 0, and "pike perchbream water" (Figure 1). 
The first two types represent clear waters with relatively low nutrient concentrations. 
Under natural conditions in the Netherlands perch is the dominant predator in sparsely 
grown type I waters and pike in type U waters with an extensive and differentiated 
emergent and submergent vegetation (Grimm, 1989). Pike perch is more generally 
associated with eutropbic, turbid waters with little vegetation and is frequently the main 
predator in waters with high stock densities of bream (e.g. Lammens, 1986). 



F& in clear water 

Figure 1 The w m m c e  of three fish communities (I- perch type; 11- pikeltench type; m- 
pike perchlbream type) and the size (kglha) of the total fmh stock (F), perch 
stock (Pe), pike stook (Pi) and cypdnid stock (Cy) in relation to the summer 
average total P concentration (mg PI1) in the water. By Grimm et al. (1992). The 
arrow indicates the P concentation in Lake VoUreraklZmm in 1991. 

It appears that waters remain clear up to a nutrient concentration of 0.1 mg Pfl (Figure I; 
Jeppesen et al., 1990). A further mcrease in eutrophication causes a shift to turbid water. 
The underlying explanation for this is that the predator fish density in a water has a definite 
upper limit, while the prey f& stock ean continue to mcrease with an i n c d n g  nntrient 
concentra!ion. In the prowss of eutrophication the switch from clear to turbid water occurs 
when the predator stock has reached its maximum density and can no longer regulate the 
ever-increasing prey stock (mainly cyprinids as bream and roach). The camd'mg effects 
are overgrazing of the z o o p ~ n  by the expanding planktivorous cyprinid stock resulting 
in a excessive growth of algae. 

The actual P concentration in Lake VoIkeraklZmm is abqut 0.08 mg PI1 ' .  This means 

The armmer average P CWCenhation of 0.08 mg Pll is qmvdent to the -unl avenge 
P co-tntton of 0,1 mg PI1 as vsed by Vam d m  Hsrk 
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that should the lakes contain a pikeltench fish community, there would be a prospect ot a 
permanently clear ecosystem with an abundant vegetation (cf. Figure 1). 

3 FISa STOCK DEVEU)PMENTS UNTIL 1992 

The water system became desalinated almost immediately after enclosure in 1987 (Behrens, 
1992, this volume), and was quickly colonized by freshwater fish. Nine species could be 
recorded m 1987 and this has increased to 17 species in 1991 and 1992 (Table 1, Figure 
2). Over the same period the number of salt-warer and brackish-water species has fallen 
from 26 to 15 (Bureau Waardenburg, 1991). Of the species found in the original salt-water 
system only flounder and eel are now found in significant numbers in the lakes (Bureau 
Waardenburg, 1991: Ligtvoet et al., 1991 a, b). 

Bcmse of the lack of a breeding population the development of the freshwater fish stock 
originally depended on an intlux of fish from adjacent waters: the Hollandseh Diep (via the 
Volkerakslnis) and the Mark-Dintel and Steenbergse Vliet. A study of the fish immigration 
from these waters in 1989 and 1990 revealed that the most important inflow of fish 
consisted of larvae up to 3 cm long of mainly perch and pike perch and only of small 
amounts of cyprinids (bream, roach, etc.) (Ligtvoet et al., 1991 c). The fish stock in Lake 
Zwm, at a considerable distance from the above mentioned intake points in Lake 
Volkerak, has developed more slowly than in Lake V o k a k  (Figure 2, Table 2). thus 
illustrating the effect of immigration. 

Trawl samples taken in 1989-1991 show that the fish wmmunity is dominated by the 
perchds (perch, pike perch and mffe). 'Il~ese, together with the cyprinids bream and 
roach, represent more than 90% of the freshwater f& stock (Ligtvoet et al., 1991 a, b, in 
preparation). Table 2 shows the estimated stock size (kglha) and relative percentages of 
these five types of fish qamtely for Lake Volkerak and Lake Zwm. Ruffe, which is 
neither an important fish predator nor a plankton eater, does not play a significant role in 
fish stock management aiming at water quality control; developments in this stock are 
therefore not considered further. 

Restricting ourselves to the developments in the Volkerak, we note that the perch and pike 
perch stock in 1989 consisted predomnantly of 1989 year class from the Hollandsch Diep 
and the rivers of Brabant. In 1990 and 1991 this 1989 group continued to represeat a 
predominant part of the predator stock (Figure 3). Although from 1990 onwards there was 
in principle a sufficiently large breeding population (mainly one and two-year-old perch) to 
produce significant numbers of larvae, 1990 and 1991 year class peroh and pike perch 
populations in 1990 and 1991, unhke those of 1989, did not contribute greatly to the fish 
stock (Figure 3). There are two possible reasons for this: 
- A low reproductive s u m s  in the years 1990, 1991. The extremely low densities of 

juvenile fish may indicate that these hvo years were indeed poor breeding years. 
- The dominant 1989 cohort may have r e d u d  the numbers of the 1990 and 1991 cohorts 

by cannibahsm or wmpehtion. Studies in other lakes have shown that cannibalism can 
have a serious impact, especially in sitoations where the abundance of prey F is 
limited (as is the case in Iake VolkeraklZoom) (Buijse et al., 1992; Staub et al., 19,,: 



Fish in cl- W 

Table 1 Wsence of freshwater fish in Lake VolkeraWZoom between 1987-1991, as 
recorded by monitoring the catch of professiooal fishermen between 1987 and 
1991 (Bureau Waardenburg, 1991; Meijer, in press) and by summer and autumn 
trawl fishing between 1989-1991 (Kalkman et al., 1991 a, h; Ligtvoet et al., 
1991 a, b, in prepamion). Denoted are occurrence (+) or the abundance as 
average percentage of the annual registered fyke catches, and occurrence (t) in 
trawl catches. 

Year 

species 1987 1988 1989 1990 

Perch Pe+~afl~M'~'1is 27 56 85lt 991t 
Pike perch Srizostedion lucioperca 60 75 89lt 951t 
Ruffe GymnocepMus cemua 22 27 48lt 55/t 
Bream Abramis b r m  21 14 21/t 50lt 
Roach Rucilur nrtllus 21 23 48lt 44lt 
White bream Blrcca bjoerkna 17 16 15lt 121t 
Rudd Scarhius egthrophthatmus 4 13 17 39 
Carp Qprinuscarpio 19 25 30/t 57lt 
Fowan Coregonur lavareha + + + 7 
Pike Emx lucius 15 16 11 
Tench Ti'annra 7 17 13 
Burbot Lora lota 1 + + 
Brown trout Salm frurta fario + + 
Bullhead COW gobio 3 7/t 
Spined loach Cobirus raenia 5 
Ide L~~~CI'SCUS idw +It +It 
Bleak Albumus a l b u m  +It 
Ten-spined stickleback Pungztius pungiriw t t 

Number of species 9 13 15 17 17 

Number of specles 
20 

5 20 

0 L.? 
1987 1988 1989 1990 1991 1992 

Year 
kgihavolkerak kglha-meer No2p ler  

Figure 2 Number of recorded freshwater fish qxcies and the size of the fish stwk in Iake 
Volkerak and Lake Zoom between 1987-1991 (Bureau Waardenburg, 1991; 
Meijer, in press; Lighroet et al., in preparation). 
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Table 2 Size and composition of the fish stock in Lake Volkerak and L& Zoom, shown 
for the five most important freshwater fish, in the period 1989-1991. 

W h a  percentage 

1989 1990 1991 1989 1990 1991 

Lake Volkerak 
Perch 21.0 28.5 17.9 46.2 51.0 31.2 
F'ike perch 7.7 10.6 10.7 16.9 19.0 18.6 
Ruffe 6.6 10.2 12.6 14.5 18.2 22.0 

Roach 5.7 2.3 6.0 12.5 4.1 10.5 
Bream 4.5 4.3 10.2 9.9 7.7 17.8 

Total 45.5 55.9 57.4 100.0 100.0 100.0 

Lake Zoom 
Perch 1.4 3.9 4.7 19.2 27. l 43.1 
Pike perch 3.4 2.4 3.2 46.6 16.7 29.4 
Ruffe 0.2 0.6 1.3 2.7 4.2 11.9 

Roach 0.5 7.5 1.6 6.8 52.1 14.7 
Bream 1.8 0.1 24.7 0.0 0.9 

Total 

Although the fish stock is still dominated by percids to a large extent, a marked increase in 
cyprinids was observed in 1991 (Table 2). Fish-scale readings show this to consist mainly 
of larger bream and roach, 4 to 8 summers old, which means that these fish must have 
wine into Lake VolkenWZaom from outside. Since bream are sexually mature in their 
fifth year (Van Densen et al., 1990), and roach in their third to fourth year, it must be 
concluded that in 1992 the lakes contained a breeding population of both speeies. Thus, the 
growth potential of the whitefish stock, in principle, has increased. However, whether this 
potential will be realized, mainly depends (apart from climatological conditions) on the 
numbers eaten by predators. 

Since 1988 pike has been present in the lakes, although in limited numbers (Table 1). The 
occurrence of this predator is associated with the presence of weudeveloped, varied water 
and bank vegetation (Grimm, 1989). The most extensive pike populations (up to 75 kglha) 
are found in waters with an emergent bank vegetation of about 10-1596, and submerged 
water vegetation of about 40.60% of the total surface area. The present conditions in Lake 
Volkerak/Zoom, with a submerged water vegetation covering about 15% and emergent 
bank vegetation less than l % (Iedema et al., 1992, this volume), are thus not sufficient to 
maintain a considerable, self-supporting pike population. 
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Water plants demand clear water 



Blue algae, the threat of eutrophication 

Fish management as a tool for water management 

76 



rish in clesr w ~ e r  

Plreivorous flrh, 1989. Cyprlnlds, 1989. 
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PI.EIVO~O.OYS flsh, 19% Cyprlnids, 1990. 
Percentage of tnal fish blomass Percentage of total flsh bcomas 

80 I 

Age Age 

Placlvomus fl*, 1991. Cyprinids. 1991. 
Percentage of t&l f l h  b~omass Percentage of total flsh biomss. 

Figure 3 Age structure of the predator and whitefish stock for the years 1989-1991. 'Ibe 
predator stock consists of perch and pike perch, and the whitefish stock of roach 
and bream. 

4 PROGNOSIS FOR TTIE LAKES WITHOUT MANAGEMENT 

As described above, presently the clear Lake Volkenk/Zoom with a fish stock dominated 
by percids, especially perch, largely resembles the characteristic of type I perch waters (cf. 
Figure 1). Because vegetation development is insufficient, pike only constitutes an 
insignificant part in the fish community. Figure 1 shows that a water system in which 
perch is the main predator wfl only remain permanently clear if the P concentration is less 
than 0.04 mg Pll. This implicates that, wen after the removal of excess phosphates (Van 
den Hark et al., 1992, this volume) when the P concentration is expected to be 0.08 mg 
Pll, the aquatic system will not remain permanently clear, hut will turn into a turbid water. 



W. L'&& .od M.P. Grimrn 

To establish a permanently clear water systemat a P concentration around 0.08 mg PI1, it 
necessary to develop a water of a pikettench type (compare Figure 1). To this end it is 

essential to create a favourable habitat for pike and to promote the growth of the pike 
stock. 

At the present level of water clanty with Seochi disk readings beyond a depth of 2 m (Van 
den Hark et al., 1992, this volume) the lake bottom is expected to become covered with 
vegetation to a depth of at least 3 m, representing a water area of 30 % of the total surface 
area Qedema et al., 1992, this volume). Thus an estimated 70 '16 of Lake VolkeraWZmm 
will consist of open water with sparse vegetation. Taking this into account, the ecological 
potential with a controlled fish-stock development can be assessed as follows (Ligtvoet and 
Grimm, 1992): 
- the shallower areas (above NAP -3 m [NAP = Normaal Amsterdams Peil, the reference 

level in the Netherlands]), overgrown with submerged and bank plants, have potential 
for the development of the pikeltench community, with pike as the dominant predator; 

- the deeper areas (below NAP -3 m) comprising 70% of the waters have potential for the 
development of a predator s m k  dominated by perch and pike perch, with larger pike 
( > a 7 0  cm) as an associated predator. 

As originally perch and pike are the dominant predators in clear waters in the Netherlands 
and the potentials of pike perch (generally asxkted  with turbid waters) in controlling 
prey-fish stocks are still unceaain, quantifying management objectives for fish stock 
development are concenmkd in the fmt  instance on perch and pike, as described below. 

QUANTIFICATION OF MANAGEMENT OBJECllVES 

The ecological objective formulated above is a qualitative one, providing little basis for 
specific targets for an effective and decissive management. The following important 
questions should be answered: 
1) what densities of the pike and perch stock are required for lasting control of the 

cyprinid stock? 
2) what are the required dimensions and structure of the pike habi t?  
3) what u the allowable denslty of the cyprinid slock whilst the pike stock is not fully 

deweloped and perch is the most important predator? 

6.1 Desible predator stock 

G r i m  et al. (1992) present a model for estimating the potential consumption of plankton- 
eating prey fish by perch and pike. If the prey-fish stock is to be wntmlled by these two 
predators, consumption by the predator should equal the overproduction of prey &h. 
Grimm and Bach (1991) find indi-ons that, parallel to the total fish biomass pigure I). 
also the gross production of planktivorous prey fish is correlated with the P concentration. 
By inferring the prey-fish production from the P concentration, and allowing an 
overproduction of the prey-fish stock to replenish the losses of the adult stock, it is possible 
to faltulate the size of the perch and pike stock needed to consume the remaining 



production of planktivorous prey fish. 

The calculation of the potential consumption is based on that part of the predator 
population that depends mainly on fish as a source of food. Pike are obligately piscivorous 
from about 10-15 cm. Perch, on the other hand, eat mainly large zooplankton, insect 
larvae and small freshwater shrimps until they reach a length of about 15 cm. Perch 
between 15-25 cm eat 50% fish, and only when they grow larger than 25-30 cm they 
become obligatory fish-eaters. 

Applying the production/consumption model to the target situation with a favourable 
shallow-water habitat for pike and deepwater habitat for perch, and estimating a basic 
production level of perch based on literature data, it is estimated that in combination with 
the perch stock, a pike stock of about 30-40 kglha is required to control overproduction of 
planktivorous fish (Table 3). 

Table 3 Estimation of the required pike stock using the productioniconsumption model of 
Grimm et al. (1992), based on a P concentration of 0.08 mg PII. Given are the 
average stock size (= total fish hiomass, Figure 1) at this P concentration and a 
15% margin. Based on literatore data a maximum basic production of 5-6 kglha 
for fisheating perch is estimated. By Ligtvoet and Grimm (1992). 

Average 15% margin 

(1) Total fish stock 130 110 - 150 
(2) 80% ~lanktivorous fish production: 0.8 X (1) 1W 88 - 120 
(3) 20% necessary overproduction; rest of 

planktivorous fish production: 0.8 X (2) 80 70 - 96 

(4) Basic production fisheating perch 5 - 6  
(5) Food conversion efficiency = 0.16-0.18 
(6) Basic perch wnsumption: (5)x(4) 28 - 38 
(7) Necessary pike consumption: (3)-(6) 42 - 52 32 - 68 
(8) Food conversion efficiency = 0.160.2 
(9) Necessary pike production: (8)x(7) 7 -  10 5 - 14 
(10) Productionhiomass ratio = 0.25 
(11) Necessary pike stock (9)/(10) 28 - 40 20 - 56 

However, the prcduction - and thus the consumption - of a predator population is linlred to 
the population structure. Where larger and older predators are dominant, the juvwile 
predator stock can be seriously depleted by cannibalism, particularly in situations where 
prey fish are scarce (see also Section 3). This population dynamical process has been 
demonstrated in a pike population in the Jan Verhoefgracht (Maarseveen), where alter a 
strong reduction of the numbers of larger pike due to a extremely high winter mortality, 
the pmduction of year class and one year old pike was found to be 3-5 times larger 
(Grimm, unpublished data). Therefore, to stimulate the production of the predator stock 
and to reduce the number of juvenile predators kiUed by rannibalism, a fishing 
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management in Lake Volkerak/Zoom is advocated aiming at the reduction of the larger, 
older and potentially cannibalistic specimens from the predator population. 

6.2 Desirable pike habitat 

The abundance and mcture  of the pike stock in a water is mainly determined by the 
emergent vegetation and especially those plant species which remain available throughout 
the year (e.g. reed, ingmwing willows). The emergent vegetafon pmvides both an 
important breeding area for adult pike and a sheltering area for their young. The areas 
covered with submerged vegetation are colonized by young pike fmm the emergent bank 
vegetation. 

Data fmm a number of pike waters have been used to quantify the relationship between the 
emergent vegetation and the pike biomass. It appears that on average an area of emergent 
vegetation covering 1% of the total surface area represents a pike stock of about 4.5 kglha. 
The recnritment of young pike is, amongst other factors, determined by the emergent 
vegetation: fmm each hectare of emergent vegetation some 4000-5000 young pike of 1015 
cm long may reemit, corresponding to 200-400 kglha. This means that. with a maximum 
young pike biomass of 75 kglha in the submerged areas, from 1 hectare of emergent 
vegetation about 3-5 ha of submerged vegetation can be occupied. 

On the basis of these guidelines concerning the relationship between vegetation cover < - > 
pike biomass and emergent <-> submerged vegetation, the desired area of the emergent 
and submerged areas of vegetahon in Lake Volkerak/Zoom have been estimated at 
respectively 6.9% (325-490 ha) and 24-3656 (1300-1950 ha) of the total lake area (Table 
4). Given that, with the present water clarity of the lakes, 3056 of the total surface area has 
potential for plant growth (depth < NAP -3 m), adequate pike stock development in 
principle is possible, subject to the development of emergent water plants. A total 
vegetation coverage of 30% (6% emergent + 24% submers) represents the lowest h i t  of 
the cond~tions under which the predator stock is expected to regulate the prey stock. The 
margins for a durable stable system are thus very small. In order to establish a more robust 
ecosystem in Lake Volk-eraWZoom an aim of a total vegetation cover near 40% would be 
desirable. 

Until the vegetation has developed to the required level, the structure of the pike 
population can be manipulated by removing the larger fish so as to create the conditions for 
a relatively high stock production. The lowest limit as to the vegetation development, at 
which a pike stock in combination with the perch stock is expected to regulate the numbers 
of plankton-eating fish, is a total coverage of 20.25% of the total lake area, including 4-5% 
emergent vegetation (Table 4). As indicated above, however, this cannot be regarded a 
stable and mbust end-situation. 

6.3 Allowable cyptinid stock 

Perch is not capable of suppressing the growth of the whitefish stock at a summer avenge 
phosphate wncenhation of around 0.08 mg PI1 (compare Figure 1). 



 able 4 Objectives for estabhshing Lake Volkerak/Zoom as a pike habitat, showing the 
desired areas of emergent bank vegetation and submerged vegetation, at a P 
amcentration of 0.08 mg PII. The situation for a bigh-pmductive stock of fished 
pike is given for comparison. 

Table 

Pike stock production level 
Necegsary pike stock kglha 

Normal 
28-40) 18-20 " 

Emergent veg. zone % lake area 6-9 4-5 
surface (ha) 325-490 210-270 

Submerged veg. zone 96 lake area 24-36 16-20 
surface (ha) 1300-1950 8401080 

Total veg. zone 96 lake area 3045 20-25 
surface (ha) 1625-2440 1050-1350 

l' See Table 3 
Ligtvoet and Grimm (1992) 

5 Estimation of the potential predator fish stock (kglha), consisting of perch, pike 
perch subject to fishing, and the maximum allowable cyprinid stock (kglha). The 
targeted maximum predatorlprey (PIP) ratio for perch and pike perch is 1:l. 
Taken from Ligtvoet and G~imm (1992). 

Anticipated Permissible 
predator stock PIP rat0 cyprinid sbxk 

Perch 15-25 1:l 15-25 
Pike perch 3-5 1:l 3-5 

Total 18-30 1:l 18-30 

Table 5 gives an indication of the allowable stock size of cyprinids in relation to the 
expected size of the predator stocks. In view of the uncermnties in estimating to what 
extent perch and pike perch are capable of regulating the numbers of cyprinids in Lake 
Volkerak/Zoom, we advocate that it IS desirable to exercise the maximum caution in 
determining the permissible cyprinid stock. Taking this into consideration, the pm%- 
torlprey ratio for these predators has been conse~atively estimated at 1:l. This wnforms 
with the relationship which Jeppesen et al. (1990) found between planktivomus fish and 
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predators in permanently clear, perch-dominated waters. Thus, in the actual situation in 
Lake VolkerakIZoom, where pike does not yet play a significant role, the cyprinid stock 
should not amount to more than 2@30 kg/ha (Table 5). 

The regulating capability of pike is assessed to be higher (maximum predatorlprey ratio 
1:2; Grimm et al., 1992). When the pike stock in the lakes has reached the desired level of 
about 28-40 kglha, the allowable cyprinid stock may roughly fluctuate between 70-110 
kglha, assuming the values given for perch and pike perch in Table 5 are as well 
representative for that situation. 

STRATEGY 

The targets formulated for the structure of the tish stock and vegetaton, and the status m 
1991, lead to the following strategy: 
1. Nature development: the development of the req- habitat for pike, togefher with 

promotion of the pike stock; 
2. Fish stock management: until the pike stock is sufficiently developed the present 

predator fish stock should be sustained at a high production level and the development 
of the cyprinid stock retarded. 

1) Iedema et al. (1992, this volume) investigates the possibilities of creating a sufficiently 
large pike habitat in the short term. The most important conclusion is that the instigation of 
a 40 cm fluctuation in water level (high in winter, low in summer) will bring about an 
important increase in emergent vegetation, mainly as a result of the improved helophyte 
colonisation of the shallow water area. This regime is qxc ted  to create a pike breeding 
area of about 230 ha. Given the estimated area of emergent vegetation around 300-400 ha 
(Table 4) requhed for breeding hiotopes, it must be coneluded that setting up a sofficiently 
large variation in water level in Lake VolkeraWZoom could be an important contribution to 
the creation of an adequate pike breeding area in the short term. 

2) In order to realize the maximum production of the perch and pike perch stock through 
the greatest possible recruitment of young fish, it is desirable to minimize the chance of the 
new cohorts being decimated by cannibalism. It is suggested that this is to be effected by 
control fisheries, removing the larger and older predators from the fish population. 

Two types of control fishery are suggested to retard the expansion of the cyprinid stock: 
- removal of sexually mature c y p ~ i d s  during the breeding season; 
- removal of concentrations of cyprinids which occur in winter. 

In Ligtvoet and Grimm (1992) the specifio details (period, gears, areas to be fished) 
regarding the suggested control fisheries are given. 

IMPLEMENTATION 

Within the h e w o r k  of the management agreement of the Bestuurlijk Overleg Krammer- 
Volkerak (Kmmmer-Volkerak Managerial Consultation Agreement), the Ministry af 
Agriculture, Nature Management and Fisheries has set up a management advice 



commission for the fish stock and fishery in Lake Volkerak/Zoom. This commission 
comprises: the director of Agriculture, Nature Management and Recreation of the Province 
of Zuid-Holland and representatives of the professional fishermen @dt-holders for the 
eel fishery), the Organization of Recreational Fishermen (authorized issuer of licences for 
fishing scale fishes) and Rijkswaterstaat, Directorate Zeeland (responsible for water quality 
management). In Apd 1992 the commission gave its ageement to the fish-stock 
management plan as formulated by Ligtvoet and Grimm (1992) and broadly o u t l i i  in the 
foregoing Sections. Recognizing that Lake VolkerakIZoom as ecosystem is still in the 
development stage, the management advice commission considers it advisable to assess the 
management on a yearly basis, so as to anticipate the (possibly unexpected) developments 
in the system in a pmper and timely manner. The management measures necessary for 
carrying out the fish-stock management plan will be assessed and specified in detail eaeb 
year, on the basis of an evaluation of the most recent available data. The control fsheries 
will be carried out by the professional fishermen operating in Cake Volkerak/Zoom. 
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TOUGH MEASURES FOR A WEAg SYSTEM 

C.W. Iedema, J. Schutten and J.A. van der Velden 

1 INTRODUCTION 

In the night of 17 April 1987 the tidal heartbeat disappeared from the Pastem part of the 
Eastern Scheldt forever, when the closure of the final gap in the Philips Dam cut off the 
area behind the dam from the tidal influence of the North Sea. Where once the sea had 
reigned supreme, the rivers and the water from the polders now had the upper hand. It was 
the dawn of a new ecosystem: Lake VolkeraklZoom. It was by no means purely a matter 
of course that this new lake would develop into a valuable freshwater system. In addition 
to the excessive volume of pollutants that the lake would have to contend with from the 
Hollandsch Diep and the rivers flowing down from Brabant, changes in the lake itself 
might impede its development into a sustainable and healthy system. To forestall such 
problems and to enable Lake VolkeraklZoom to develop to its full potential, it was 
necessary not only to stimulate major clean-up operations upstream and to restrict the 
influx of polluted wafer into the lake, but also to guide the changes taking place in thc 
system from the very beginning. 

! CLEAR WATER AND BIODIVERSITY 

The aim for Lake VolkeraWZoom is to create a clear-water environment that supports a 
wide variety of species and attracts a large number of waterfowl. The clanty of the water 
plays a crucial role in this plan, as does the development of the shore areas. The former is 
threatened by the excessive level of phosphates in the lake (Van den Hark et al., 1992, this 
volume). The shore areas are under threat from erosion. In addition, the growth of 
vegetation along the shores of the lake is limted by the aim of keeping the water at NAP 
(Nomaal Amsterdam Peil, the reference level in the Netherlands). Once all the proposed 
clean-up operations in the drainage area have been completed, the phosphate level will fall. 
Although it will not fall so drastically as to restrict the development of algae (Van den 
Hark et al., 1992, this volume), it is expected that, with careful management, it can be 
reduced to the point that the water might remain clear. With a phosphate level of 0.10 
mgP/I, algae can be reshicted in waters where at least 30% of the surface is covered with 
aquatic plants and in which predatory fish are dominant (Ligtvoet and Grim. 1992; Van 
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den Hmk, 1992). In thin situation the grazing pressure of zooplankton would be high. An 
essential condition for a healthy population of predatory fish, such as pike, is the 
availability of sufficient hreedmg areas in the form of half-open vegetation (helophytes) 
growing in the water or grasslands that flood during the sprlng. Although it is difficult to 
specify exact quantities, it is assumed at present that this would need to be at least 5% of 
the total surface area of the lake, corresponding to approximately 300 hectares (Ligtvoet 
and Grimm, 1992). In summary, if Lake VoIkeQk/Zoom bas at least a 30% covering of 
aquattc plants, a half-open vegetation in the outerbank areas amounting m more than 5% of 
the total surface area of the lake and a ratio of predatory to planctivorous fish greater than 
1:2, the water will remain clear at the level of phosphates expected from 1995 on (Table 
1). 

Table 1 Criteria for a healthy Lake V o l W Z o o m  with clear water, at a phosphate level 
of 0.10 mgPll 

criteria 

clarity (m) 
aquatic plants (covering in %) 
belophytes (ditto) 
predatory fish/planctivorous fA 

AQUATIC PLANTS 

Many typical marine plant species (such as eelgrass (Zostera spec.)) disappeared during the 
daahation process. Wigeon grass (Ruppia man-), an aqaauc plant that llves m l~ght 
brackish water, managed to s u ~ v e  and even thrived for a time. The fust Freshwater plants 
appeared in 1988, after which colonisation of the lake by freshwater and other aquatic 
plants from drainage and adjoining water systems began to gathet pace (Figure 1) (Schutten 
et al., 1991). Pondweed (Potamgeton pussilus) in particular spread very rapidly. In 1990 
and 1991 stonewort (Chara) and stanvort (Canitrichaceae), species that are charactexistic 
of clear-water environments, began to appear. 

Whm the lake is up to 0.5 m deep, there are practically no higher aquatic plants, due to 
the effects of waves and waterfowl. At depths greater than 5 m, there is also little plant life 
due to lack of light. The majority of the biomass in the lake is therefore found at a depth 
of between 0.5 m and 2.5 m (Figure 2). The zone between 0.5 and 5 m deep, which could 
support aquatic plant life at the current level of water clarity, accounts for about 50% of 
the total surface of the lake bottom. In 1991 approximately 22.5% of this zone was 
covered with higher aquatic plants, the equivalent of about 11 96 of the total surface of the 
lake. 
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species 
Aquatic plants 

Figure 1 The diversity of species of aquatic plants has decreased considerably since the 
closure of the lake 

Figure 2 Most aquatic plants are found where the water is between 0.5 and 2.5 m deep 

If the water remains clear, with a visibility to a depth of 2 to 3 m, 30% plaot cover is 
feasible. It is expected that this can be achieved by 1995. The composition of the plant life 
will also change, with a greater proportion of clear-water species. However, if the current 
high visibility falls to between 0.5 and 1 m, plant cover of between 1 and 8% is expected, 
with reduced diversity of species and structure. Only plants which grow horizontally on the 
surface, such as sago pondweed (Potmegoton pecti~~U&~) and perfoliate pondweed 
(Potamegoton pe@oZimus), will be able to survive. The p w t h  season will be shorter, and 
with it the primary production of aquatic plants will decrease. If there is a dense population 
of planctivorous f ~ ,  new plant shoots will be eaten, restricting plant growth even further. 
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A shortage of protective plant wver for zooplankton will increase the predatory pressure of 
fish on these organisms and decrease the grazing pressure on algae. 

Sea club-rush (Scirjm manrimas) and g b w u s  club-rush (Scipus lacasnir ssp. 
tbermuemontani) already grew on the former salt marshes. Other vegetation began to 
appear on most of the desalinated parts of the shore m e  after the closure of the dam. In 
1990, 30 species of helophytes were recorded, 6 more than in 1989. So far, only species 
resilient to brackish water in the germinating environment have managed to thrive in the 
most desalinated areas of the shore (Schutten et al. 1991). Reed (Phrngmites mmlis ) ,  
reedmace (vpha spec.) and marsh fleawort (Senecio congestus) seeds are carried massively 
by the wind. Further growth i s  hindered by the lack of suitable germinating zones, which 
are restricted mostly to a small waterlogged strip along the water's edge. In 1991 reed was 
found growing into the water along the shore to a depth of NAP -0.20 m, sea club-NS~ to 
-0.35 m, bulrush (Scipas lucustris ssp. lucustris) to -0.15 m and large reedmace (npha 
Inrifolia) to -0.10 m (Figure 3). Helophytes spread into deeper water very slowly, which 
may be partly due to grazing by buds. In 1991 less than 1% of the zone beiween NAP and 
NAP -0.50 m was covered with vegetation. 

Helophytes 1991 

reedmace Club- 

Figure 3 Helophyres do not grow far into the water 

With a iixed water level the spread of helophytes is restricted by the almost total absence 
of suitable conditions for seeds to germinate, g&g by buds and the effect of waves on 
the young seedlings (Van der Velden et at, 1992). The presence of large numbers of 
waterfowl along the shores of the open water will restrict the spread of helophytes into the 
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water. It is expected that this vegetation will grow to a depth of about 0.5 m, with only 
bulrush possibly growing to a depth of 1 m. In more sheltered areas, such as inlets, 
helophytea may thrive more successfully. It is estimated that roughly 10 to 35 hectares of 
the lake surface will ultimately be wvered with half-open vegetation growing in the water, 
which will then be suitable as breeding grounds for pike (Van der Velden et al, 1992). 

5 FISH (see also Ligtvoet, this volume) 

Until 1990 the build-up of the freshwater fish population was largely determined by the 
introduction of fish larvae via the waters flowing into the lake. Ruffe (Gym~~ephalus 
c e m )  was the only species to reproduce with any success. Great quantities of perch 
(Percpf7uviailis) and pike perch (Stiwsfedion luciopercia) larvae were introduced via the 
influx waters. In 1991 the import of larvae was practically nil due to the wld spring, 
although this was the fast year in which adult fish - particularly bream (Abrumis b r a ) ,  
roach (RwiIia m'lia) and pike perch - entered the lake. The development of the fish 
population in the lake until now reflects the pioneering state of Lake Volkerak/Zwm. 
Perch and pike perch continue to be the most dominant species (Figure 4). In 1991 the 
ratio of predatory fish to planctivo~ow fish was very high, approximately 3:l in Lake 
Volkerak and even higher at approximately 5:l in Lake Zwm. 

m pereh 

ruffe 

a flou"der 

m bream 
flounder bream 

1 B89 1990 

Lake Volkerak 

roach 

LL_I ~jk*pe~~h 

Figure 4 The fish population is still dominated by perch and similar spries 

The biomass of freshwater fish increased sharply until 1990, to reach 76 kglha in Lake 
Vokerak and 25 Wha  in Lake Zoom. In 1991 it decreased noticeably to 60 kg/ha in Lake 
Volkexak and 17 kglha in Lake Zoom. This unexpected fall was primarily due to 
insufficient numbers of freshwater fish entering the lake in 1991 and an inexplicably high 
death rate among the perch and pike perch. There was a particularly high increase in 
planctivorous fish from less than 5 kglha in 1990 to about 16 kg/& in 1991. This was 
partly the result of the influx of adult bream in 1991. 

Further development of the fd population depends largely on the phosphate level in the 
waters. At current levels the lake wuld suppo~t approximately 130 kg&. Without 
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interference this would consist of approximately 100 kglha of planctivorous fish and 30 
kglha of predatory &b. On the basis of developments so far, this trend should become 
vcsible from 199311994. From then on the chances of the lake developing into a turbid, 
algae-rich system would be considerably increased. 

6 CONTROLLED DEVELOPMENT OF THE ECOSYSTEM 

Developments so far and prognoses suggest that the preservation of a clear-water system is 
threatened by the expected changes in the fish population and the inadequate development 
of helophytes (Figure 5). Now the expectation is that the phosphate load can be reduced to 
the maximum permissible level from 1995, efforts should be made to prevent the water 
fwm turning green and turbid before that time. This means that the system must be 
rendered sufficiently robust to retain its clarity at the expected phosphate levels. Active fish 
management has been introduced in 1992 in an attempt to prevent the lake from being 
over-populated by bream (Ligtvoet, 1992, this volume). It is also crucial that sufficient 
suitable habitat is available in the near future to provide a structural basis for the 
preservation of a productive pike population. 

phosphate \ / 
desired 
level 

aquatic plants 

helophytes 

time 

Figure 5 The development of the fish population and the helophytes pose a threat to the 
clarity of the waters of Lake VolkerakIZoom at present phosphate levels 

6.1 Shore protection 

One of the first steps rtx@ed to guarantee the preservation of the shoreline and areas, 
where. there is a gradual bansition from land to water, was to prevent erosion. To this end, 
since 1987 proteetive shore defences have been introduced around the whole Lake 
VolkeraWZoom, where possible along the foreshore. In addition to preserving the existing 
areas of Imd and shallow water, the purpose of these indirect forms of protection is to 
create a sheltered zone behind the defences in which natural processes have optimal 
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oppoaunity to develop. Suffiient openings have been provided to allow the deep and 
shallow water to function as a single ecosystem. Work on the outer bank defences has 
already been started in the areas most susceptible to erosion. By the end of 1990 some 
18,400 m of foreshore, including the Noordplaat, the Krammer mud flats, the Dintelse 
G m  and the Hellegatsplaten (Pignre 6). had been treated, providing protection for large 
areas of shallow water and exposed land. Where outer bank defences are in place, no 
deterioration of the Borelii has yet been observed. A certain amount of erosion has 
occurred as a result of the protective work being carried ont in phases, due to 
considerations of cost. A total of approximately 100 ha of the exposed land in the 
Krammer-Vokerak and 4 ha in Lake Zoom have been turned into shallow water areas 
since the closure of the lake as a result of erosion. This is 5.5% of the total of some 1,800 
ha of exposed land. The plan is for all endangered shores in Lake VoIkerak/Zoom to be 
protected by 1995. 

Figure 6 Shore defences already in place or planned before 1992 
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6.2 Habitat development 

In addition to the preservation of the existing shore areas, new shore and shallow-water 
zones are b e i i  created to extend the total length of the shoreline. This serves to increase 
the total area in which helophytes can grow, thereby also crating more potential breeding 
grounds for fish, particularly pike. Small islands have been created, such as the Nmrdplaat 
and others near the Hellegatsplaten and Oude Tonge. Inlets that had filled up with sand 
have been mtored and shallow-water areas have been deepened in places. A v i a l  
breeding area for pike has been constructed on the site of a former inlet in the Dintelse 
Gomn (Figure 7). These activities follow the existing morphology of the system as far as 
possible. The creation of the islands has extended the length of the soft shoreline by almost 
25% (excluding the edges of the channels in the exposed areas). The additional pike 
breeding area has increased the length of the shoreline by a further 4,800 metres. It is 
expected that by 1995 the total length of the shoreline will have been extended by at least 
5096, resulting in breeding grounds of up to 50 ha. 

Figure 7 The pike breeding grounds in the Dintelse G o m  

WATER LEVEL MANAGEMENT 

In spite of the steps which have been taken and have to be taken yet, the target of 
helophytes covering more than 5% of the total surface area of the lake is not expected to 
be achieved if the present water level is maintained. As mentioned above, the fixed water 
level restricts the expansion of helophytes. The possibiitities have therefore been explored 
of allowing a more natural variation in water level, between NAP +0.15 m (the upper 
limit for the shore defences) and NAP -0.25 m (the present lower limit), giving differences 
in level of 20, 30 and 40 cm (Van der Velden et al., 1992). 

If water was allowed to flow into the lake only if the level fell below the lower limit and to 
flow out if the upper limit was exceeded, a natural situation would develop with high water 
levels in the winter and low levels in the summer (Figure 8). This would provide optimal 
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wnditions for the growth of vegetation in the exposed shore zones and the plants would be 
less susceptible to grazing once the vegetation zone bad expanded in breadth. A further 
advantage of this approach is that less polluted water needs to be let into the lake (Behrens, 
1992, this volume). 

Waterlevel 
0.50 

0.20 

0.10 

NAP - 
4.10 

+time dec 

Figure 8 A more natural variation in water level 

7.1 Development of the shoreline 

Alternative water levels have been assessed in terms of their effects on the helophytes that 
provide breeding grounds for pike and a natural habitat for waterfowl. Since pikes require 
a water depth of at least 25 cm for breeding, it was decided that the water should be 
between 0.25 and 0.60 m deep in the pike-breeding gmunds, with half-open vegetation 
partly consisting of perennial species (verbal information from M. G r i m ) .  Apart from 
being a requirement for a clear aquatic system, extensive and healthy helophytes also 
provide a favourable habitat for waterfowl and are crucial for the area's value as wetland. 

It is also assumed that, if the water level rises or falls by 1 cm, 10 ha of the shore m e  
will be affected. This is based on the morphology of the system at the time of closure. 
When the total length of the shoreline has been increased, as described above, a larger area 
- ultimatety amounting to 15 ha - will be affected. 

Under the present policy of maintaining the water level, there will not only be insnf6cient 
breeding grounds for pike, hut the lake's potential as a habitat for waterfowl will not be 
exploited to the full. The breeding areas for shore birds, such as plover (Qlarodriidae), 
tern (S~ernrdoe) and avocet (Recurvimstra avosetfa), will be thmtened by the advance of 
terreshial vegetation, and freshwater wading bids, such as black-tailed godwit (Limosa 
Iimosa), ruff (Philomochu~ pugnar) and sandpipers, will depend on a steadily decreasing 
strip of shoreline for their food supply. 
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If the wafer level is allowed to rise and fall more naturally, with a difference of 20 cm 
between the summer and winter levels, the shore zone will be able to develop more 
successfully. In this situation the time at which the level falls is crucial. If it falls before 15 
hiay it will largely be the helophytes (such as reed and club-rush) that germinate and if it 
falls after U May it will mainly be annuals, such as marsh fleawort. Helopbytea that are 
already present have a better chance of spreadkg into the shallow water. The vegetation 
wne will, however, be quite narrow in most places with 20 cm variation in water Level, 
whereby the gazing density of geese, which largely feed along the edges, will be relatively 
high. All in all, the vegetanon cover in shallow water (<OS0 m) will not be more than 2- 
7%. Since pikes q u i r e  a water depth of at least 0.25 m to breed, they will not be able to 
make use of the submerged zone in the spring, restricting the total amount of vegetation 
suitable as pike breeding-grounds to between 15 and 50 ha. 

Ducks, such as pin-tail ( A m  nnur), wigean ( A m  penel~pe) and teal (A- crecca), will 
benefit in the autumn from the large quantities of seeds fmm grasses and annuals which 
germinate in the expoxd areas in the spring. In years in which the water level falls early, 
there will be limited breeding space for ground-nesting birds and freshwater waders will be 
able to forage. in the exposed zone for a short period. 

With a more MW difference in water level of 30 cm behveen winter and summer, a 
narrow sPip of helophytes will develop that will function as a permanent zone for the 
colonisation and recolonisation of the deeper areas. Grasses and annuals will be able to 
grow on the exposed land. Cover in this permanent strip could be between 10 and 50% and 
would be more resilient to grazing by herbivorous waterfowl. The chances of helophytes 
spreading into the shallow water are greater than those with a 20 cm variation in water 
level. This would result in a considerable increase in breeding grounds for pike to between 
30 and 110 ha, however, still insufficient to reach the ultimate desired acreage of 300 ha. 
WateEfowl would also benefit from the more favourable conditions compared to a 20 cm 
variation in water level. 

With a more natural vadation in water level of 40 cm, a fairly wide strip of helophytes will 
develop that will be less susceptible to grazing by birds. Reed will be able to grow under 
water to a depth of about 0.5 m, bulrush to about 1 m and, where there is g- shelter, 
reedmace and reed sweet grass (Glyi%na &m) to about 0.8 m and 0.5 m respectrvely. 
In addition to reed, sea clubash will also be able to grow in the flood m e ,  with assorted 
varieties of sedge ( C m  spec.) in more sheltered spots. Vegetation in the exposed area 
would tend to be made up of reedmace and reed sweet grass, with reeds and rushes in 
quiet spots. The breeding grounds for pike will increase considerably and could be 
expected to reach between 95 and 230 ha, almost the rumed target. During the spring the 
shore areas would gradually be exposed, pmviding foraging grounds for migrant waders 
for about four weeks. Other parts of the shore without vegetation would provide a larger 
area for ground nesting birds. In the autumn there would be an ample supply of seeds for 
seed-eating and dabbling ducks in the half-submerged marshy zone and the shallow water. 
This wide strip of vegetation would also provide suitable breeding grounds for herons 
(Ardeidm), rails Wlidae) and marsh harriers (Circus aeruginosus). 

In summary, it can be concluded that the best guarantee of successful development of the 
shore m e  is to allow a more natural variation in the water level, preferably of 40 cm, hut 
certainly no less than 30 m. In the latter case, l a rpsa t e  measures will be neeessaty to 
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develop the shore and the outer bank. If these measures are taken, the helophytes can be 
expected to increase in area by approximately 50%. The greater the variation in water 
level, the greater its effect will be on the total area covered by vegetation (Figure 9). 
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Figure 9 The more the shoreline can be extended, the greater the area affected by the 
water level 

7.2 Optimal variation in water level 

The above is based on a natural variation in water level, with intervention only occurring 
to keep the level within certain limits. In this way the differences in the water level will 
also vary naturally between wet and dry years. The situation described above will therefore 
only be achieved in the longer term. This may mean that in the first few years the water 
level might not be optimal for the development of the shore wne. The time at which the 
dry areas emerge is, for example, crucial for the germination of the vegetation and the time 
at which the level rises again has a considerable effect on the extent to which the young 
plants are washed away or grazed by birds. 

The development of helophytes has a high priority at present in Lake VolkeraklZoom. A 
variation in water level aimed at producing optimal conditions for the germination and 
survival of shore vegetation would make an invaluable wnhibution to this in the next few 
years. This would involve, for example, a gradual fall in the water level between mid-April 
and June from the winter to the summer level and subsequently maintaining the lower level 
throughout the fust and possibly also the second winter (Iedema and Kik, 1985). This 
would provide a solid basis for further development and the water level would only need to 
be kept within the set limits. 
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Lake Volkerak/Zoom no longer has a tidal heartbeat. Intensive care was and continues to 
he necessary to help the system survive this shock Before the lake can leave mtensive 
care, it will have to be given a new pulse - a pulse that is strong enough to survive and yet 
will beat to the gradual change of the seasons. 
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POSSIBILITIES OF A BIOLOGICAL FILTER WITH 
ZEBRA MUSSELS DREISSENA POLYMORPHA IN 
THE MANAG- OF MICROPOLLUTAN7S 

R. Noordhuk, H.H. Reedem and E.C.L. Marteijn 

ABSTRACT 

Dreissena plymorpha is a freshwater filter-feeder that often occurs in large densities, 
attached to solid substrate like stones or shells of other bivalves. Through filtration and 
pseudofaeces production it can play an important role in water processing in lakes and 
rivers. This can be put to use by applying filtrating Dreissew in biological water 
management projects. To reduce deterioration of Lake VolkeraMZoom through influx of 
micmpllutants out of the rivers Rhine and Meuse, a large biolo@cal filter was proposed, 
consisting of vertical nets colonized by Dreissena. This paper describes the results of 
several experiments carried out to test possibilities, necessary dimensions and its impact. 
Theoretically about 70% of suspended matter can be removed from the water flowing into 
Lake VolkeraMZoom and some important micmpolIutants may be reduced by 50% or 
more. Experiments with diiferent types of filter-nettjng showed that colonization with spat 
is intense, but on most nets the mussels disappear before a full grown population has 
developed. The inability of the nets to support sufficient densities of mature mussels is a 
bottleneck for conducting large scaleexperiments. 

1 INTRODUCTION 

The freshwater bivalve D r e i ~ S e ~  plymorph, or Zebra Mussel, invaded Western Europe 
in the course of the 19th century (review in hutvaar ,  1975). Nowadays it is common in 
many of our lakes and rivers and often occurs in large densities (up to tens of thousands 
per m2; Bij de Vaate and Greijdanus-Klaas, in press). Just a few years ago the species 
appeared in North America where it has colonized the Great Lakes (Roberts, 1990). ?hi 
colonizing potential is largely due to the prcduction of huge numbers of kee swimming 
larvae (to almost 1 million eggs per female). Like most bivdves, Dreissena is a filter 
feeder, living mamly on microorganisms Like batter$ and planctonic algae. Selection of 
food particles takes place on the ciliated surface of the gills and by the labii palps 
(Morton, 1969). Digestible particles are transported to the mouth, and after &gation 
faeces are produced that are excreted through the exhalant opening. Nondigestible 
particles are embedded in mucus and excreted through the inhalant opening as 
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"psedafaeces". These sink to the bottom togetber with the faeces. This means that due to 
filtration and pseudofaeces-productionon the sedimentation mte of suspended matter is 
increased. Where densities of Dreissew are high, this may result in higher transparancy of 
the water. Several authors have stressed the hp tance  of watec processing by Dreissenu 
to the ecosystem (e.g. Kryger and Riisgard, 1988; Reeders and Bij de Vaate, 1990; 
Reeders et al., 1989; Stanczykowska P: al., 1975). Due to its large impact, Dreissem can 
be very useful in biological management of water quality. Apart from increasing 
transparancy (Hinz and Schd, 1972; Noordhuis et al., in press; Reeders et al., in press; 
Smit et al., in press), Dreissem can he used to process micmpo1lutants from the water 
column (Reeders and Bij de Vaate, in press). Micropollutants, of which a large part is 
attached to suspended matter, can largely be filtered out of the water column and 
wnceuhated on the bottom, which facilitates control. 

2 BIOLOGICAL mLTER NTl'EI DREISsENA 

The bottom in Lake V o W Z o o m  is less contaminated than many other lake bottoms in 
the Netherlands. However, this lake receives polluted water from the rivers Rhine and 
Meuse through the Volkerak sluim. The amount of water passing the sluices (on average 

Figure 1 Location of the biological filter. Black mow = river water flowing towards the 
tilter. White armw = water that has the fi1te1 and entered Lake 
VolkerWZoom 



ca.14 m'ls) has been minimalized, but inlet of river water is necessary with respect to 
agricultural needs and countering salt-strd (Behrens, 1992, this volume). Hence Ule influx 
of micropollutants remains a suhstantlal threat (Schmidt, 1992, this volume). As a measure 
against this influx the consauction of a large biological filter with Dreissena was proposed. 
Such a filter should be built in the supply canal of the sluices (Figure 1) and should consist 
of large vertical nets, colonized with mussels. In experiments carried out in Poland, nets 
like these were colonized by very large numbers of mussel larvae (Piesik, 1983). The nets 
should extend from hank to hank (3M) m) and from surface to bottom (8 m), and be placed 
at right angles to the direction of water flow. To increase the efficiency of the fdter many 
of these units should be placed in series. In order to be able to estimate the efficiency of a 
filter, experiments were carded out to determine filtration rate and pseudofaems production 
of Dreissena (Reeders and Bij de Vaate, 1990, in press; Reeders et al., 1989). 
Concenmons of mkmpollnfants in suspended matter, pseudofaeces and mussel tissue 
were compared in experiments carried out in 198%. In 1989 and 1990 colonization of filter 
nets with spat and subsequent changes of population structure were studied using different 
substrate materials. 

3 FILTRATION RATE AND PSEUWFAECFS PRODUCTION 

In 1987 we managed to measure the filtration rate of Dreissena polymotpha in undisturbed 
field conditions ("clearance rate", based on diierences in extinction before and after 
fdtration; methods are described m Reeders and Bij de Vaate, 1990). Adaptation to 
experimental conditions in lab experiments can take as much as 24 hours, which has often 
lead to comparatively low filtration rates (Reeders et al., 1989). Pseudofaeces production 
(faeces included) was measured in an experiment that was carried out in 1988 in a field lab 
using River Meuse water (methods in Reeders and Bij de Vaafe, in press). The activity of 
the mussels was related to three variables in particular: 1. aze of the mussel, 2. temperatu- 
re and 3. suspended matter content. 

1. Size: 
Both filtration rate and pseudofaeces production showed a sigmoid relafionsh~p with 
shell-length. A decrease in activity in the largest and oldest mussels was regarded as a 
sign of degeneration. The relations of filtration rate and pseudofaem production with 
shell-length are best described by the equations: 

ER = 15.43/(0.29+52.38exp(-0.367L)) m2=0.59; p<O.oOl) 
PSP = 1.45/(1+34.87x0.837-) (R2=0.56; p <  0.M)I) 
(FR = 'ltration rate in ml/mus5eVhour, PSP = pseudofaeces production in mg dry- 
weight/mussel/hour, L = shell-length in mm). 

2. Temperatore: 
Activity (filtration rate and pseudofaecss production) showed a lower "winter level* and 
a higher "summer level", with a strong increase between 5 and 10'C. Over 10'C 
activity (especially in the River Meuse experiments) was hardly related to temperature. 
A similar pattern was also found in other bivalve species (Bayne et al., 1976; Walne 
1972). 
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3. Dry matter wntent: 
rate decreases with increasing suspended marter wntent (Figure 2), as 

described by the equation: 
FR = 187.1 exp(4.037DMC) (R2=0.70; p<O.M)l) 
(shell-length of mussels 22 mm, DMC = dry weight of suspended matter in mgll) 

Similar relationships were found by Morton (1971), Sprung and Rose (1988) and Walz 
(1978). According to these studies, when dry matter wntent is very low, fdtration rate 
remained wnstant or decreased. According to our pseudofaeces experiments this seems 
to ocnn approximately at dry matter contents below 2 mgll. 

In our experiments, pseudofaeces production seemed to increase linearly with inmwing 
suspended mattet content, but this is in contradiction to the results of the filtration 
experiments and is probably a bias caused by certain characteristics of the set-up. In the 
ex-ents by Walz (1978) pseudofaeces production initially increased with increasing 
dry matter content, but very soon it reached a plateau and remained constant. (Morton, 
1971; Walz, 1978). Maximum pseudofaeces production (with faeces included) can be 
estimated by multiplying fdtration rate by suspended matter wntent. 

dry matter wntent (mgll) 

m 
. 

m summer 
+ winter 

60 - 

40 - 
- + 

20 - + 
- 

0 2 r 
0 20 40 60 80 

Figure2 The effect of suspended matter wntent on filtration rate of D r e i s w  
polymopha. Lake IJsselmeer area, 1985 and 1988. Square symbols values 
measured at water temperatures over 10'C: plus-signs: values measured at 
tempemtures under 1O'C. 
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Several other factors may influence the activities of the mussels. Morton (1971) showed 
relationships with pH (rapid increase when pH excmded 7.8) and composition of 
suspended matter (different species of algae). Others found certain diurnal patterns 
(Eenedens and Hinz, 1980; Morton, 1969). In a 24 hour experiment (measurements every 
1.5 hours) we found fluctuations in filtration rate that wuld significantly be fitted by a 
sigmoia oscillation with a period of 5.3 hours [amplitude about 15% of maxima). Overall 
filtration rate was not lowered during night. In other bivalve species illmhon rate appeared 
to be positively wrrelated with current speed (Walne, 1972). Fibation rate of Dreissena 
has only been measured in standing water. In the (marine) species used in Walne's 
experiments the effect of c m t  speed seemed to be fairly strong and it might be 
important to determine the impact of this factor on Dreissena filtration rate. 

I THEORETICAL EFFICIENCY AND DIMENSIONS OF 
A BIOLOGICAL FILTER 

At temperatures over 10'C (April-October), activity of a population with a known length 
frequency distribution mainly depends on suspended matter content. For a "standard 
mussel" the relationship between filtration rate and suspended matter wntent is described 
by the equation: 
m = 97.8 aP(4.037DMC) 
@R., = filtration rate of 1,000 individuals with representative length frequency 
distribution, divided by 1,WO). 

Using this equation the efficiency of biological filters of different dimensions can be 
estimated. When all suspended matter in the fitrated water is removed, the efficiency of a 
filter unit equals E = (FR, x N)/f (N = number of mussels per filter unit; f = wate~ flow 
in Mh) .  At the Volkerak sluices mean water flow is 14 m3/s (5.04~l0 '~ mVh) and 
expected mussel density on the nets is 5,000/m2 (units are 8x300 m, total number of 
mussels per unit 12 million). Repeating the calculation for each unit, using the adjusted 
suspended matter wntent, yields the efficiency of the entire filter. Pigum 4 shows the 
efficiency of filters of different numbers of units. Like filtration rate, efficiency deem 
with increasing suspended matter content. At values under about 2 mgfl the cost of 
fltration exceeds the gain and the filtration rate decreases. At the most common suspended 
matter contents (at the VoUrerak duices mostly between 5 and 25 mgll) efficiencies of 
about 80% are reached by filters wnsisting of 100 units. As filtration rate measurements 
were. carried out in standing water the actual efficiency of such a filter might be higher. 

The extent to which micropollutants can be reduced by the filter is related to theu specific 
distribution w6fficient. At an efficiency of 80%. cadmium of which about 64% is attached 
to 8uspended matter (at mean dry matter content of 12 mgll) may be reduced by 51%. 
Benzua-Pyrene is reduced by 49%. PCB-153 even by 75%. With given filter dimensions 
and popuiahon structure the efficiency will change with changing suspended matter wntent 
(due to changes in affdty of pollutants to suspended matter) and current speed (although 
the mussels partly compensate for current speed by changing their filtration rate (Walne, 
1972). 
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On account of the results described above a filter consisting of 100 madules was thought to 
be capable of making a considerable contribution to the struggle against future deterioration 
of Lake VoIkerakIZoom. The next step towards its mbation was testing different 
substrata in their potential of being colonized by Dreissena spat and of supporting a 
mussel population with sufficient filtrating capacities. Colonization should take place 
spontaneously when nets are put in the water just before the larvae begin to settle. 
Development of the population can then be followed by taking samples with regular time 
intervals and determining the density and size frequency distribution of the mussels. 

dry matter content (rngll) 

Figure 3 Efticiency of a biological Wter out of different numbers of units (right axis), as a 
function of dry matter wntent. Water flow is 14 m3/s, mussel density on the nets 
is 5,000/mZ. In practice, when dry matter content falls below 2 mgll, filtration 
decreases (see text). 

MICROPOLLUTANTS IN PSEUDOFAECES AND WSSEL-TISSUE 

In 1988 faeces and pswdofaeces of Dreissena fmm the filter location were analysed and 
concentrations of micropollutants were compared to those in suspended matter (Table 1). 
Concentrations of inorganic pollutants appeared to be slightly elevated m pseudofaeces, 
probably related to the somewhat smaller size of the particles as compared to suspended 
matter (apparantly the largest particles are rejected by the cini of the inhaiant opening). 



Conmtrations of organic micropollutants showed no differences, unless only the organic 
part of suspended matter to which they are largely attached is concerned. Concentrations 
are higher in pseudofaeces, suggesting active selection of less cantaminad particles by the 
mussels or concentration of micropollutants in the faeces (unxpmble from pseudofaeces in 
our experiments). 

Table 1 Concentrations of some micropollutants in pseudofaeces of Dreissem, compared 
to those in suspended matter (mean and standard deviation (s.d.3) out of 7 
samples in metals, 6 in organic compounds, taken between July and December 
1988). Concentrations of organic compounds are also expressed per kg organic 
dry matter. 

Pollutant Pseudofaeces Suspended matter 
mean s.d. mean s.d. 

Cu 106.7 15.4 110.6 9.8 mglkgdry 
Cd 9.6 1.6 9.2 0.9 mglkg dry 
Pb 206.9 22.6 183.3 15.8 mglkg dry 

fluorantheen 1.3 0.4 1.4 0.3 mg/kg dry 
beruo[alp~r= 1.6 0.6 1.6 0.5 mg~kg dry 
PCJ4-153 50. 5 7.0 49.3 6.3 ~ l k g  dry 
dieldrin 14.0 1.7 14.2 3.5 uglkg dry 

fluorantbeen 26.5 10.0 23.2 11.7 mglkgC 
ben-Nalpm 30.6 15.6 27.5 17.0 mg/kg C 
PCB-153 952.0 109.7 777.8 162.1 ug/kg C 
dielddn 266.6 52.2 219.8 51.7 uglkg C 

rable 2 Concentrations of micropollutants in tissue of Dreirsem from Lake Usselmeer 
and concentrations in tissues of mussels out of the same sample after 271 days of 
incubation at "Hollandsch Diep", in front of the Volkerak sluices (site of 
bfological filter). 

Pollutant IJsselmeer HoUandsd D i p  

Cu 16.85 23.61 mg/kE dry 
Cd 1.79 2.08 dry 
Pb 1.63 4.17 mg/kg dry 

fluoranthem 146.7 319.4 dry 
-1aIm- 38.0 3U.5 %]kg dry 
PCB-l53 70.7 118.1 U!%'% dry 
dieldrin 0.3 3.0 ug/kg dry 
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While a large part of ffitered micropollutants is excreted with faeces and pseudofaeces, 
another part accumulates in mussel tissue. Tissue of mussels originating from the less 
contaminated Lake IJsselmeer, was analysed before and after 271 days of incubation in 
water at the filter site. These mussels had accumulated most pollutants to some extent, 
especially PAHs and PCBs (Table 2). The concentrations here encountered are commonly 
found in mussel tissue from (normally reproductive) ppulations in Western European 
rivers. In the 1970s dishibution and growth of D?~?S$~M in the River Rhine were 
influenced by extremely high contents of micropollutants, particularly cadmium. Van Urk 
(unp.) showed thaf this was the case at contents of more than 40 mg Cdlkg dry tissue. 
Pollutants in concentrations as found in our experiments are not expected to affect 
reprcduction or mortality rate. 

6 COLONIZATION AND DENSITY CHANGES ON 
DIFFERENT TYPES OF N E m G  

In May 1989 nets of three different materials were tested in the water near the sluices, 
hanging down from interconnected buoys. Initial densities after colonisation amounted to 
60,000 animals per mZ (mussels <2 mm excluded) on one of the net types. This net type, 
which will hereafter be referred to as "brush nets", consists of polyester cords to which 
polyamid "flocks" are ghed with PVC-glue. Meshes are 15x15 cm. 

However, when the nets were sampled again in January 1990, virmally all mussels had 
disappeared. Three factors were selected as possible causes: (1) predation by water fowl, 
(2) wind- and wave-action and (3) active migration of the mussels or "second settlement". 
This phenomenon is !mown to occur in the first period after first settlement in DrpisseM 
(Lewandowski, 1982) as wen as in other species of bivalves (Bayne, 1964). 

During a second expaiment in 199011991 the role of these three factors was investigated. 
Apart from nets simply hanging down from the water surface, now serving as reference, 
some nets were surrounded by wire netting to prevent predation by water fowl and larger 
fish. Other nets were placed in calmer water or were standing on the bottom, held upright 
by buoys floating underneath the surface, to reduce the impact of waves. A last group of 
nets was placed horizontally on the bottom after being colonized by spat in hanging 
position. The chance of second settlement taking place on another part of the same net was 
supposed to be enhanced by this change of position. Sample nets were sized 50x50 cm and 
during October 1990 - March 1991 eight samples were taken, of which five were analysed 
(density and size frequency distribution determined in the lab). 

In this experiment the brush nets were used as well as nets made up of stnps of 
polypropylene. Like in 1990 colonization with spat was intense and on the brush nets up to 
180,000 mussels/m2 (mussels <2 mm included) were counted. Extremely high densities 
(up to 580,0001m2) were reached on the plypropylene nets. However, in this net type 
meshes were only 4x4 cm and five layers of "netting" were glued together, resulting m a 
very dense and heavy shucture. Per unit material mussel densities were therefore much 
lower than on the brush nets. 
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sample number 

Figure 4 Densities of mussels on brush nets in different set-ups. Black = mussels S 2 mm, 
grey = mussels t 3 mm. Sampling dates: 1 = Oct. 2, 1990; 2 = Oct. 30, 1990; 
3 = Nov. 27, 1990; 4 = Jan. 8, 1991; 5 = March 27, 1991. 

shell-length (mm) 

Figure 5 Length frequency distribution of mussels on a polypropylene net, sampled on 
October 15, 1991. 
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In all set-ups densities decreased considerably during winter, but not as drastically as in the 
previous year. During October, shortly after colonization, densities on the reference brush 
nets decreased rapidly, but only a moderate decrease was found in the other set-ups (Figure 
4). During the rest of the winter no clear differences in rates of decrease were found 
W e e n  set-ups, with the exception of the lying nets that showed slower dec- than 
those in the other set-ups. On the plypropylene nets the rate of decrease was higher than 
on the brush nets. Densities on the reference nets deatased stronger than densities in the 
other set-ups and the decrease on the lying nets did not differ fmm decrease on standing 
and calm water nets. The dierence between these set-ups was pmbably minimalized by 
the dense and voluminous structure. The results suggest an important role for second 
settlement as a cause for decreasing densities on the nets, probably stimulated by 
movement caused by wind and waves. 

At the end of March 1991 about 2@50,000 mussels/m2 were left on the brush nets, on 
average about 33% of the initial density. On the polypropylene nets about 22% was Left in  
March. However, when additional samples were taken in October 1991, the mussels of thii 
generation had almost completely disappeared from the brush nets. On the polypropylene 
nets on the other hand the mussels had developed into a mature population. A density of 
120,000/m2 was found on this net type, of which over 90% belonged to the 1990 year class 
(Figure 5). 

Apparently, of the materials used in the experiment only the plypropylene strip nets yield 
a population that holds on long enough to contribute substantially to tiltration in a 
biological filter. In spite of the very high densifies, however, efficiency of the fflter will be 
low it this material is used in the original design of the filter. Because of the small mesh 
size, little water will pass through the nets once the mussels have grown to adulthood. Use 
of this material therefore demands a different filter design, one in which water passes 
between horizontal or vertical IQWS of smaller units. The less efficient distribution of 
mussels over the water column could be compensated for by the enormous densities on 
these nets. Due to these densities even separate units of the material (manufactured in units 
of 1 m'), w 1 0 ~  with mussels, could p m  useful in water quality management, 
especially in smaller waters. After colonization the units can easily be m w d  to waters in 
which no Dreissew occur and they on just as easily be removed or replaced after service. 
But in case of the biological filter at the Volkerak sluices, switching to another desigp 
would mean several years of additional research. Together with some financial problems, 
this has obliged us to stop the experiments for the time being. Contaminated river water 
continues to flow into Lake VolkeraldZmm thmugh the sluices. The amount of water let 
into the lake cannot be lowered any further and other means of tackeling the influx of 
pollutants at this site have not been suggested yet. 

This project is being carried out under surveillance of Rijkswaterstaat, Directorate Zeeland, 
with logistic support of Rijkswaterstaat, Dmtorate Zuid-Holland. Many people 
contributed to thii project, but we owe special thanks to Wouter Iedema, Wm Houmes, 
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Peter v.d. Wege, Eddy v.d. Kettexij (Rijkswaterstaat, Directorate Zeeland), Jaap 
Louwerens and the crew of "De Nes" (Rijkswaterstaat, Diitorate Zuid-Holland) and to 
Maw Arends, Jolanda Jenniskens, Jacomijn bij de Vaate and Gezinus Veenhof for 
counting and measuring many thousands of tiny mussels. 
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FRESH W A T W  IS A MUST 
The importance of fresh water for 
agriculture in the Province of Zeeland 

A.K. m g e r  

ABSTRACT 

It is of great importance for agriculture in the Pmvince of Zeeland, The Netherlands, that 
it has fresh water of good quality at its disposal. This importance will be shown with the 
help of a short description of Zeeland's agriculture and a couple of current developments. 
ALso the water demand and especially the salt content will be dealt with. 

1 JNTRODUCTION 

The Deltaplan has raised several expectations. Many of these have been fulfilled. Thus the 
majority of the population of Zeeland feels safe behind dams and dikes and several new 
possibilities for meation and nature have been created. For traffic a number of new 
routes have been realized. However, not all expectations raised by the original Deltaplan 
have been fuUilled. Some concern the agriculture. The enterpreneurs in agriculture are of 
course pleased with the security, they profit from the new routes on the dams and enjoy the 
nature as well as the occasional mreation. Nevertheless, some points are still missing. 

The original Deltaplan anticipated the changing of salt- to freshwater systems, amongst 
others in the Oosterschelde and the Veerse Meer, and possibly even in the 
Grevelingenmeer. This would have created immense possibilities for water supply for 
agriculture in the south-west of the Netherlands. After the final plan has been executed, 
however, only Lake VolkeraldZoam has been left as a possible freshwater source, at the 
very edge of Zeeland. 

2 A SHORT DESCRIPTION OF AGRICULTURE IN ZEELAND 

Zeeland is traditionally an agricultural province. Most of its total acreage is used for 
agricultural purposes. 



Table 1 Acreage of cultivated land in Zeeland for the different types of agriculture in 
1990 (rounded off). 

X 1000ha % of the total 

Total cultivated 
- arable 
- grassland 
- horticulture 

* fruit 
* outdoor vegetables 

Table 1 shows how the cultivated a m  is divided among the cfifferent types of agriculture. 
Arable farming, taking up well over 80% of the culavated area, is by far the largest field 
of agriculture. Animal husbandry (grassland) involves only a small part in Lhis province. 
The percentage of cultivated land for horticulture is rather small, hut on national scale, 
however, plays an Important role. Zeeland is one of the major fruit producing areas in the 
Netherlands. Growing outdoor vegetables is still rather modest but steadily increasing. In 
10 years time the acreage has grown by 80%. Most of these outdoor vegetables are grown 
on arable farms. All in all it is obvious that arable farming predominates. 

h 1990 there were about 4,2W arable farms in Zeeland, spread over 103,000 ha with an 
average acreage of under 25 ha. 40% of the farms with mainly arable farming was smaller 
than 10 ha and only 20% was larger than 50 ha. Zeeland's arable farming is clearly 
characterized by being small-scale. 

DEVELOPMENTS 

For agriculture two important developments are being implemented. These are: 

a. The changing European market- and pnce policy; 

b. The stricter environment legislation. 

ad a) Wlthin the W: (European Commumty) guaranteed pnces have been Faed for a 
number of important arable products or the markehng has been protected by limiting cheap 
imports from thud countries. As a result of this policy considerable surpluses, especially 
cereals, have arisen. These surpluses involve high expenses for the EC. In order to cut 
back on them, the EC aims to reduce and even cut these guarantee prices. As a 
consequence, production has to be more marketdirected. This implies further pdce-cuts 
for a number of arable crops, in particular cereals, which take up an impolfant part of the 
arable acreage. 

ad b) In order to protect the environment, stncter demands are required m agriculture and 
horticulture as well. Examples are the Soil Protection Act and the Surface Water Pollutiou 
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Act, involving specif= effects for agriculture and horticulture in the More-Year Plan Crop 
Protection and the Manure. and Ammonia Policy. Even more than in the past the natural 
resources will have to be used economically, and the emission of these substances to soil, 
water and air anll have to be limited. 

These two developments have a negative effect on the incomes. Especially in the weaker 
branches, such as arable farming, rentability is put under great pressure, which would 
cause a large number of liquidation of farms. This threat can only be prevented if the 
income capacity can be raised. In the present situation in %land, with its high land 
prlces, enlarging the acreage of small-scale arable fanas is impossible. More realistic 
chances for enlarging the possibilities for a livelihood must be found in an increase of the 
turnover and therefore an increase of the output per surface unit. For arable farms this 
means the introduction of more labour-, skill- and capital-intensive crops, characterized by 
higher costs per hectare and hgher cropping risks. 

Eor the horticultural sectors, in Zeeland particularly fruit and outdmr vegetable growing, 
the higher environmental demands will equally lead to higher costs per hectare. On top of 
that ousting will take place when arable farming starts to invade horticultural markets. The 
horticultural sectors will have to direct their attention to better and new products. This can 
be achieved by intensification and the timely renewal of variaties and assortments within 
the companies. This too will lead to higher costs per hectare and higher cropping risks. 

I WHAT IS THE ROLE OF FRFSH WATER 
IN THESE DEVELOPMENTS 

The lowering of the product prices and the subsequent XI for a more marketdiuected 
production is an international development. Equally the care for the environment, linked to 
st~icter environmental regulations, is important in a growing number of countries. 
Obviously, not only in the Netherlands people are looking for alternatives and solutions. 
Zeeland cannot claim the sole right to the agricultural possibilities shown before. There is a 
good market only for quality and only economically sound production methods can offer 
sufficient competitive power now and in the future. The condition to live up to these 
demands and to minimize the cmpping risks is that the circumstances for production are 
optimal. In Zeeland the circumstances for production are naturally profitable. The soil is 
healthy, the type of soil suits the growing of many diierent cmps, the geographic situation 
favours a soft climate offering possibdities for early crops, and the susceptibility for 
nightfrost is low. However, a major negative factor is the limited availability of Fresh 
lnigation water. In summer polder water is salt or brackish owing to salty percolating 
water. Fresh polder water is found only here and there, and only in limited amounts. The 
groundwater is practically everywhere brackish or salty. In a few places, in creek-ridges, 
freshwater stonges exist which form a limited supply of water for agriculture as long as 
the average bulk of the storage is not affected. In general it can be stated that Zeeland 
cannot have the required amounts of fresh water at its disposal. 

This bottle-neck in the developing possibilities of both arable and fruit growing farms was 
already noted many years ago, hut the actual realization of the infnsbuctural provisions to 
do something about it has only very m n t l y  come into the picture for a few regions of 
Zeeland. This is partly due to the fact that this bottle-neck has a greater impact than ever 



and partly to the fact that the Ministq of Agriculture, Nature Management and Fisheries, 
within its policy of the regional reorganization of arable farming, is now willing to 
subsidize projects to supply fresh water. Other public authorities have shown the same 
williigness. 

Up to now the Ministry of Agriculture, Nature Management and Fisheries has granted 
about NLG 25 million for several pmjects around Lake Zoom. For the joint public 
authorities it is about NLG 55 million. Also the Minishy of Traffic and Public Works is 
investing large amounts in Lake Zoom on behalf of water quality and with that on behalf of 
agriculture. The best-known project is the freshwater pipeline on Zuid-Beveland by means 
of which fresh water from Lake Zoom can be used for agricultural purposes. Apart from 
this, freshwater projects on Tholen, St. Philipsland and the Reigerbergsche Polder (east 
Zuid-Beveland), and outside Zeeland on FIakkee and the Westhoek in Noord-Brabant, can 
be mentioned. 

It has been shown that many of the farmers involved are willing to give a substantial 
Enancial wntdbution for the realization of the freshwater supply. From this we can deduce 
that there is a wide support for it. This is very understandable, r&ig that the 
availability of Fresh water on their plots will open many doors that have hitherto heen 
locked. 

Fresh water has a number of different positive effects on agriculture: 
- By stopping moisture deficiencies crop yields will be higher and the product quality will 

improve so that crop returns will increase; 
- Various crops with higher returns can be grown, for instance outdoor vegetables that 

require a cenain soil moisture content to sttike. Flower bulbs are another possibility. 
Irrigation reduces the cropping risk; 

- In fruit growing there is the anticipation effect. By means of drip irrigation and 
fertigation Fruit trees can m e  into production one y m  earlier, which means earlier 
results and Lower wsts. Anticipation also allows fruit growers to adapt to assortment 
changes a lot faster; 

- Irrigation also has a positive environmental effect. The growth-process of crops can be 
controlled better. Regular growth promotes a healthy crop in which pests and diseases 
have less chance. The dependence on and use of pesticides will therefore decrease. 

On top of that fertigation allows fertilization to the exact need of the crop. Fertilizers are 
put exactly where they are needed, so that few losses occur. Clearly for agriculture there is 
a number of positive effects. Studies on the basis of these effects show that for farms the 
economical results due to the availability of fresh water for irrigation or fertigation can be 
substantially higher. Depending on the distance to Lake Zoom and the method of water 
supply, net results have been calculated of sevenl hundreds to several thousands of Dutch 
guilders per irrigated bectille. 

QUAURCATIONS OJ? FRESH WATER 

The quality of water for agriculture is determined by several factors. Apart from the 
chemical composition (how much of which elements), the quality is also determined by the 
(micro-)biological activity and physical parameters such as turbidness and temperature. 
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Much research is done on behalf of glasshouse-horticulture. The effect of the possible 
compositions of water for open air cropping has hardly been looked at. The standards that 
are presently used are mainly based on 'accidents' in the past. 

One of the most important aspects of water quality about which some knowledge exists is 
the salt content (refetred to in mg chloride per liter). Salt can negatively influence crop 
growth and thus influence yields in various ways. Distinction can be made between 
scorching leaves and roots, a toxical effect and an earlier drought depression. For many 
cmps it is known at what maximum total salt content of the soil moisture damage occurs. 
The knowledge to translate the chloride content in the irrigation water to the total salt 
content of the soil moisture is lacking. It is not even simple to approximate, on the one 
hand because the relation between chloride content and total salt content i s  not constant, on 
the other hand because the soil moisture is a mix of groundwater, rainwater, imgation 
water and percolating water. The composition of this mix is itself dependent on soil type, 
groundwater levels, groundwater characteristics and climatological circumstances. AU this 
makes it impossible to indicate precisely the maximum limits of an aweptable chloride 
content of the irrigation water. 

Agriculture in Zeeland has accepted that only some of the crops that could possibly be 
grown can actually be grown with Lake Zoom water. Unfortunately, because. of the 
relatively high chloride content the water is not suitable for glasshouse-horticulture and part 
of the flower- and vegetable crops. 

Since it cannot be clearly indicated what the exact salt-tolerance of the various crops is, 
crops are divided into crop categories according to thm salt snsceptibiiity. A common 
division is one with limits of 300 or 600 mg chloride per liter of water. If the chloride 
content should he above these levels, the damage to susceptible crops would be so high that 
supplementing is no longer possible. Hence 400 and 450 mg chloride means that a number 
of cmps cannot really be grown. 

Furthermore there is the problem that in thc inlet arcas in thc open-water systems salination 
takes place because of seepage. Thus, setting the standards of for instance the water supply 
plan Tholen, it is accepted that water that is let in with a 250 mg chloride content can, at 
the end of the system, under certain conditions, reach a peak value of 750 mg chloride. 
Evidently, the further into the system, the smaller the number of crops that can possibly 
grow. 

5 CONCLUSIONS 

For the sake of agriculture it is important to aim for a chloride content of Lake Zoom that 
is as low as possible, while keeping an open eye for other environmental parameters. A 
low chloride content, on the one hand to minimize the risk of damaging crops, on the other 
hand to be able to grow as many crops as possible with the help of fresh water. The result 
of this will be that agriculture in W a n d  can cope with the negative results of EC price 
policy and on adapt to stricter environmental legislation. 



At the end of my contribution I come to the following conclusion: 
In order to give agriculture in Zeeland the chance to extend its farms and to move to farms 
that can maintain a lasting competitive position, THERE IS A NEED FOR FRESH 
WATER. 
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SUSTAINABLE FLFXIBILITY 
An evaluation and foreeast 

E. Turkstra and H.L.F. Saeijs 

L INTRODUCTION 

Everything changed in the upper Eastem Scheldt estuary when the Philips Dam finally 
started impounding in 1987. The estuary changed into a freshwater W. In this volume the 
preceding authors discuss in great detail the effects on the natural environment of this 
human inte~ention. In this article we discuss some of the questions wh~ch have been raised 
in relation to water management so far, and especially how to go on. 

1 INTEGRATED WATER MANAGEMENT 

Lake VoIkeraklZoom cannot be looked at in isolation. Its water quality is affeted by 
Rhine and Meuse water at the Volkerak Locks, and the lake itself in turn iduences Water 
quality in the Western Scheldt and, to a lesser extent, in the Eastern Scheldt. Three other 
rivers - the Mark, the Dintel and the Vliet - drain the lake's eastern catchment. 

The lake is performing a double function here, receiving runoff from these catchments - 
which includes polder drainage - and providing farmers with a water supply in dry periods. 
This applies equally to the lake's western shore. 

The list of parties with an interest in Lake VoIkeraWZoom is long, and it includes three 
ministries, three provinces, ten municipalities, four waterboards, three bodies responsible 
for the old tidal flats, and also various lobbies, such as for agriculture, fishing, recreation 
and shipping. This requires a lot of discussion, teamwork, and above all flexibility on the 
part of managers and politicians. This is nothing new - it is the very foundation of 
integrated water management. 

In their recent study, Grijns and Wisserhof (1992) claimed that integrated water 
management was koming broader in its aims, objechves and methods. This phenomenon 
is being manifested in a variety of ways with, however, one thing in common - the notiou 
that integrated management should apply as much externally as internally. In effect, this 
means paying as much attention to interactions between the people involved as we have 
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traditionaIly paid to the hydraulic relations within and between different water bodies 

Lake Volkerak/Zoom is an ideal candidate for integrated water management and is seen as 
something of a test case. The hope is that an integrated approach can be maintained, given 
that it is in the interests of all parties concerned to have a lake which is both ecologically 
sound and functional. The water in the lake has been clear so far, and must stay that way. 

3 PROBZDlS AND SOLUTIONS 

So, what are the problems and how can we solve them? How can we, the parties involved, 
join forces to create a healthy, functional lake? 

The authority that manages the Lake is expected to produce an ecologically sound and 
functional water system. The degree to which thu is achieved, determines the capacity of 
the water system. With that the functions have to he g d  for this capacity. 

But the capacity is adversely affected by pollution. The evaluation period has shown that 
the pollution load entering Lake Volkerak/Zoom is still a real threat. When management 
policy was originally draffed in 1987 (Rijkswaterstaat, D i e  Zeeland, 1988). the Public 
Works Council advised that reducing pollution should be the central issue. 

Most of the pollution originates outside the lake. Combating pollution is therefore largely 
outside the jurisdiction of the local water murces manager. Of course, there are other 
clean-up programmes (the Rhine and North Sea Action Plans, for example) and these will 
reduce the pollution load in the long-term. 

Nevertheless, in the period 1987-1992 a variety of measures have been proved and 
implemented. These measures are especially aimed at reducing pollution loads and 
improving the ability of the lake system to withstand pollution. A variety of examples will 
he found in the articles published in this volume. 

The point is to create the right conditions and let nature do the rest - a process of managed 
ecosystem development. The delta project has given us a great deal of experience with 
what is, after all, a comparatively new approach. It has also proved that the approach 
works. 

Collaboration between the various parties involved is just as important as creating the right 
ecological conditions. It is essential, for instance, when it comes to resolving conflicting 
interests, as some examples will illustrate: 
- thanks to the efforts of Waterauthority Hoogheemraadschap West Brabant and the 

cooperation of Rijkswaterstaat, Directorate Zuid-Holland, effluent from the Nieuwveer 
van de Ditel sewage treatment plant has been rerouted to the Hollandsch Diep, which 
is Less susceptible to eutrophication; 

- Waterauthority Hoogheemraadschap West Brabant has signed a management agreement 
with the Flemish Environmental Company (Vlaamse Miiw Maatschappij) which 
includes speeding up the programme to reduce by 75% phosphate discharges from 
sewage works in the catchment. The programme will be completed by 1993; 

- water losses through the Krammer and Kre&rak locks have been minimised by more 



efficient operation of the saltwater-freshwater separation system. This entailed the 
ccqeliftion of the lock users. 

By the end of 1992, Rijkswaterstaat will have invested some 22 million Dutch guilders in 
Lake VolkeraWZoom. Most of this has been spent on water control works and other 
measures designed to create the right conditions for a healthy lake. 

4 MANAGEMENT OPTIONS 

One of the conclusions of the evaluation is that within the consmints of agreed policy all 
the possible measures have been taken. The managing authority has done everything in its 
power, and now has little room for manoeuvre. 

Problems remain, however, with pollution loads still too high and the lake unable to sustain 
them. The question "are current management practices adequate for the ecological health 
and proper functioning of Lake VolkeraWZoom in the future?* must regrettably be 
answered in the negative. 

The managing authority has suggested some interim solutions to prevent the situation 
deteriorating any further. These require a certain input from the parties involved. In the 
evaluation report, these interim solutions are presented as management options for limiting 
the risk (Table 1). 

Table 1 Management options 

wpter level aphons wnmt wster level manag-t pmtlcc 
( m e :  NAP + 0.15 m/ - 0.25 m) netunl water level cycle, cage 30 cm 

mrursl Mter level cycle. mm 40 cm 

NAP (Normal Amsterdam Fed, the m-ce level in the Netherld) 

In the short term, the only way of reducing the input of pollutants to Lake VoUrerakIZoom 
is to minimise water intake by limiting flushing. This would increase the concentration of 
chlorides in the lake, which in principle would be against farmers' wishes. 

Alongside the active biological management which is already ta!&g place, a more natural 
cycle of fluctuations in the water level would help reduce algal blooms and improve the 
ecological balance. The waterboards are opposed to this, because it would cause drainage 
difficulties, restrict navigation on rivers sedving the Brabant ports, and introduce extra 
pumping requirements for irrigation abstractions. 
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The farming community has been asked to accept a temporary increase in chlorides in 
irrigation water, until the AMK (Algemene Milieu Kwaliteit, the general environmental 
quality standard in the Netherlands) is met. The waterboards have been asked to help 
setting the parameters for a properly functioning ecosystem. Is this too much to ask? 
Before we can answer this question, we must lmk first at the management options and 
their eEects. 

The "no flushing" option is not considered here, since the lake would not be able to 
perform its imgation function. 

The effective difference between 400 and 450 mgll C1 is marginal for agriculture. In 
practice for large pans of the lake, setting the standard at the higher chloride value means 
a differnu? of less than 30 mgA. The full 50 mgfl differential will only be Observed in dry 
years at the most southern abstraction point, the Bathse Spui drain. Table 2 shows the 
effects of the various flushing options. 

Table 2 Effects of flushing options 

-8 Iaerease m chloride content (mgR Q-) - 
w d e  mntw (mgn cr) w~th 450 mgn c1 wrth "0 

Site with 400 mdl Cl- wnId tI&g 

Increasing the chloride Level in Lake Volkerak/Zmm implies higher chlorides in the water 
anuses in areas where lake water is used for inigation. Farms on the Zeeland side are 
more critical in this m t ,  because of the possibility of saline inhusion here. However, a 
slight rise in chloride content in water leaving Lake V o I k d Z m m  will be negligible by 
comparison. Tail-end irrigation canals may even show an improvement. 

Theoretically, a higher chloride concentration in imgation water reduces crop yields. It has 
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been calculated that the proposed maximum increase in lake chloride content of 30 mgfl in 
the north and 50 mgll at the F3athse Spui drain will result in crop yield reductions of only 
tenths of a percent, taken as a long term average over wet, dry and normal years. 

Irrigation projects are in operation for a number of polders, and more are planned. Once 
these are in place, farmers will be able to switch to more profitable, irrigated crops. These 
schemes are expected to be completed over the next five to ten years. 

In the light of this, it is not unreaumable to ask the farming community to accept the 450 
mgll C1- option in the short term. As water quality improves, the 400 mgll standard can be 
adopted. Thls is the kind of flexibility that will lead to a long-term resolution of the 
contllcting interests of farmen and ecologists. 

.i WATER LEYEL OWIONS 

Figure 1 shows typical fluctwons in the water level in a wet and a dry year under a more 
natural cycle. The "natural cycle" option creates drainage difficulties along the Dintel, 
whose banks would also need protecting against a high winter lake level. A low summer 
level would resttict shippmg and require pumping for irrigation. 
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Figure 1 Pluctuations in water level in a wet (1988) and a dry (1989) year, with maximum 
and minimum at NAP + 0.15 nand  NAP - 0,25 m 

Some waterboards have calculated that extra pumping capacity would be needed to meet 
land drainage requirements if the high water levels were adopted. Waterauthority 
Hoogheemraadschap West Brabant also believes that bank d e f m  along the D i e 1  would 
have to be modified. The same authority point. to the adverse effect of a low summer 
water level on Dintel navigation, while several waterboards estimate to need more pumping 
capacity for irrigation. Possible solutions - and their cost - are still being discussed with the 
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wateiboards. On past experience, an amicable arrangement is likely to be found. 

The evaluation has concluded that, notwithstanding measures already taken, the ecological 
and functional future of the lake is in doubt if present management practices continue. It is 
the managing authority's job, therefore, to come up with proposals for better management. 
New proposals for the next 6ve years include: 
- adopting the 450 mg/l chloride level at the mouth of the Bathse Spui drain (400 mg/l Cl' 

is not feasible under current pollution loads); 
- aiming for a natural fluctuation in water level, with a difference preferably of 40 cm 

and at least 30 cm behveen summer and winter levels. This management change should 
be adopted as won as possible. 

The decision is now a political one. The Minister of Traffic and Public Works will take the 
advice of the Public Works Council before she makes a final decision, probably in 1993. 

It can be expected that the demand for clean and sufficrent water will increase in the 
future. We also have to assume that the demand will increase partly as a result of the water 
becoming cleaner. Stocks of clean groundwater are already at a premlum. Water is set to 
become a sca~ce commodity in the economic sense. At the UN (United Nations) water 
conference in Dublin it was argued that water should be treated as a commodity with an 
economic value, whatever its use (Alaerts et al., 1992). The &end is apparent already in 
W VolkeraklZoom. Here water is currently scarce because pwr quality is limiting its 
usefulness. As water becomes sca~cer, we will have to be more economical in its use. 

In Zeeland, demand for irrigation water is likely to increase prwincie Zeeland, 1992). 
partly as a result of EC (European Community) agricultural policy and partly because of 
tougher environmental standards. Both these factors make it worthwhile for farmers to 
switch to more intensive methods of cultivation. The irrigation demand is expected almost 
to double. 

As long as water flowing into Lake Volkerak/Zwm fails to meet the AMK, the water 
system will be unable to cope with any increase in demand. We also have to avo~d 
cancelling out any improvements in lake water quality by letting in more polluted river 
water in response to increased demand. 

Agriculture can also contribute to the improvement of the water qual~ty by reducing dtffuse 
sources of pollution, such as nutrients and pesticides. Van Oers (1992, this volume) has 
drawn attention to the phosphate loads coming out of Brahant. The Diitel is a major source 
of pesticide contamination in the lake, most of it coming from agneullure. This is one 
example of a common interest, which at one and the same time underlies a problem and 
indirectly suffers from its effects. Insecticides used by farmers end up killing zooplankton 
in the lake; but the zooplankton plays a key role in maintaining the low turbidity water 
farmers require for irrigation. 

Combating eutrophication is expensive and the cost is currently met by the taxpayer. The 
Commissie Ondetzoek Fiancieringsstelsel Waterbeheer (1992) believes that the "polluter 



pays" principle should now be applied, with a levy on agriculhual businesses which cause 
pollution. This is difficult for the farming community to accept. There 1s still a generation 
of farmers who think that agriculture is impossible without crop sprays. However, 
agriaultural production at the expense. of the environment is simply not sustainable. 

Waterboards themselves can help to reduce levels of poly-chlorinated aromatic 
bydmarbons in water courses, by using bank reinforcement methods which are better for 
the environment than the traditional creosoted timber piling. Better management of water 
levels would also lower leaching rates, reducing at the same time levels of chlorides and 
nunieots in canals draining into the lake. 

bother way of reducing chloride and nutrient inputs would be to divert all polder drainage 
from Tholen - the land area immediately west of the Eendracht - into the Eastern Scheldt 
estuary. This would remove one source of chlorides Gom the lake, and considerably reduce 
the phosphate loading. The tidal Eastern Scheldt is much less sensitive to pollution by 
subslances such as these. 

Atmospheric deposition is another source of anxiety. Possibilities to influence this case are 
lim~ted, because this is a supra-regional problem. 

There remains a need for closer moperation with the managing authorities of the "dry" 
margins of the lake. Existing mechanisms probably offer sufficient scope to achieve this. 

The philosophy of working with interested parties to achieve an ecologically sound water 
system wdl also be the basis of a new water agreement to be drawn up with the various 
waterboards involved. This can only take place when the management policy has been 
decided. 

I CONCLUSION 

Can Lake Volkerak/zoOm become a proper functioning water system that meets the 
conflicting needs of its users? Expmience so far suggests that this is possible, if all parties 
continue to cooperate and put the common good above Individual interests. Sustainability is 
- in the long term - the only answer. 
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