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PREFACE

rijkswaterstaat
dienst gotijdewateten
bibliotheek
grenadiersweg 31 -
4338 PG middelbutg

In the last few years, the interest in pollution problems of the
Scheldt estuary has increased. A great variety of pollutanta is pre-
sent in this watersystem. The heavy metal load is high* Despite sani-
tation programs in Belgium, the oxygen-balance improves only slightly
and the upper estuary is still temporarily anoxic. Numerous organic
micropollutants are present, some of them in very high concentrations,
compared to other Dutch watersystems.

In 1985 the DDMI-DGW project "Chemistry of the eastern part of the
Western Scheldt" was started. The purpose of the project was to sum-
marize all the existing data firstly and to describe all geochemical
processes that affect the occurence and behaviour of thé pollutants in
the estuary, and secondly, to record the lack in necessary knowledge
to achieve this.

In chapter one of this report, general characteristics of estuarine
water and sediment circulation patterns, as well as aspects of estua-
rine chemistry are presented. Some general data of the Scheldt estuary
are given in the second section of chapter one.

Organic micropollutants are dealt with in chapter two. Before studying
estuarine behaviour, some attention is paid to nomenclature and phy-
sio-chemical characteristics* A field study has been taken place in
winter-spring 1986. During four cruises, the behaviour of PCBs was
etudied in the Scheldt estuary* The results are to be published else-
where (van Zoest & van Eek, Behaviour of PCBs in the Scheldt estuary,
in prep.).

The chapter concerning nutrients in the Scheldt estuary is presented
separately (Zwolsman, 1986; Nutriënt biogeochemistry in estuaries,
with an emphasis on the Scheldt estuary). The chapter on heavy metal
behaviour is in preparation•

The results of this report will be used in the DGW project SAWES (Sys-
tem Analysis Western Scheldt). The purpose of SAWES is to formulate a
mathematical model that describes the nutriënt and micropollutant be-
haviour in the Scheldt estuary, which facilitates management deci-
sions.

This report has been composed under the supervision of dr. G.Th.M. van
Eek, while the author carried out his duty in substitution of the mi-
litary service at the DGW of Rijkswaterstaat from April 1985 - October
1986. The gathering of literature for this report has been finished in
the summer of 1986.
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BSTDARIES; TOE SCHELDT KSTOART

Characterlatica of ettuarlee, irith enphasis on cbemical proqesses

1.1.1, introduction

The term estuary comes from the Latln adjective «estuarium, which

means tidal. An estuary (Fairbridge, 1980) is: Han inlet to the sea

reaching into a river valley as far as the upper limit of the tidal

rise".

An estuary can be divided into three sectors* Firstly the lower or

marine estuary, in f ree connection with the open sea, secondly the

middle estuary subject to strong salt and freshwater mixing, and

thirdly the upper or fluvial estuary, characterized by freshwater, but

subject to daily tidal action.

The importance of estuaries is manifold. They provide navigational ac-

cess to a broad hinterland, have sheltered anchorages and most times

fertile waters. Man has changed the natural balance within a lot of

estuaries by altering the topography and by large-scale pollution,

Deforestation of the land leads to increased runoff and, consequently

an increased sediment load, while building and paving of large areas

produces a quick response of runoff to rainfall.

Estuaries are studied for several reasons. Soroe are pvirely scientific,

whereas others are related to specific engineering or pollution pro-

blems. When considering the chemical and biological aspect6 of water

quality, and related to this, sediment transport and distribution,

knowledge of the estuarine water circulation and mixing is essential.

1.1.2. Water and sediment circulation patterns

Bowden (1980) described the main phenomena of water circulation and

mixing in estuaries. He distinguished two basic features involving the

distribution of the salinity and the dynamics of the flow within an

estuary:

s
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1. There is a horizontal density gradiënt, front the point(ft) of river

water inflow to the sea, and

2* The presence of tidal currents.

The density gradiënt acting alone would cause the river water to flow

out as a surface layer over an intruding saltwater wedge. The action

of tidal currents introduces a considerable amount of kinetic energy,

some of which is used to mix the river and seawater and so modi f y the

circulation. Th is interaction, in addition to the topography of the

estuary, gives rise to a range of circulation types.

Three main types of estuarine circulation can be distinguished:

1. Highly stratified estuaries, in salt wedge estuaries and in many

fjords;

2. partially mixed estuaries, with a significant vertical density gra-

diënt which inhibits vertical mixing to «ome extent»

3. Well mixed estuaries, with a very small vertical salinity gradiënt.

A rough indication of the characteristics of an estuary is given by

the ratio of the freshwater discharge during a tidal cycle and the

tidal prism, the volume of water entering the estuary from the sea

during flood tide. If this ratio is about 1, «alt wedge conditions

normally exists. Partially and well mixed conditions are most likely

when the ratio in about 0.1, respectively 0*01» It is doubt f ui, how-

ever, whether a single parameter can indicate adequately the overall

characteristics of the flow.

In Figure 1, three types (salt wedge and partially mixed estuaries and

a transition form) are diagrammatically presented. in a salt wedge

estuary (Figure 1a), the river flow dominates the circulation com-

pletely, The salt water extends as a wedge into the river and, in the

absence of friction, the interface would remain horizontal and extend

up the river to where the bed approaches sea level. In practice, due

to the small amount of friction between the layers, the interface

slopes slightly downwards in the upstream direction. If the velocity

h
'l \l
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of the seaward jnoving layer of river water exceeds a certain value,

internal waves, fonned at the interface, tend to br«ak and eau se en-

trairunent of aaltwater into the freshwater.

As a result, the salinity of the water in the upper layer increases,

as well as lts volume. This usually results in a higher velocity of

flow rather than an increase in depth of the layer» A alow novement of

water in an upsteam direction compensates for the loss by entrainment.

Disturbances at the interface may cause a broad mixing tone, the halo-

cline, in which turbulent processes allow a transfer of the fresher

water downwards, as well as saltwater upwards. The halocline is thus

an intennediate Stage between the salt wedge and partially mixed types

(Figure 1b).

in the partially mixed estuary, vertical mixing caused by tidal cur-

rents extends over the entire depth and the halocline becones replaced

by a gradual increase in salinity from surface to botton (Figure 1c).

There is still a two layer flow, with a surface of no motion, usually

occuring a little above mid-depth. The volume of flow in each layer is

typically an order of magnitude greater OOR) than the river discharge

(R), but an order of magnitude lover than the oscillatory tidal cur-

rents (100R).

When the influence of tidal mixing relative to thafc of river flow is

very strong, the estuary becomes we11-mixed, with very little varia-

tion in salinity or mean current with depth. The mean velocity is sea-

ward at all depths. The upstream transport of salt by the mean flow is

caused by diffuse processes rather than by advection.

The circulation pattern governs an important parameter: the residence

time. The residence time has influence on the equilibration of certain

processes in an estuary. For highly stratified estuaries, residence

times may be typically of the order of several day». Residence times

1
I
I
i
I
1
i
l
i
t
i
I
1
i
i
1
i
i
1
I



I
r

i
i
i
i
i

i
i
i
t
i
i

i
i

ministerie van verkeer en waterstaat rijkswaterstaat
HöMr OWJHO-60.

bvhoort bij:

datum

blsdnr:

31 oktober 1986

5

increase with rising vertical mixing owing to the dilution of freshwa-

ter in a large body of seawater (Wollast & Duinker, 1982)*

In this classification, it is assumed that circulation occurs entirely

in the longitudinal direction and that there are no differences in ve-

locity or density across the estuary. However, the flows involved in

these patterns will not be homogeneously distributed {Dyer, 1977}* The

transverse and vertical component of the spiral flow create aecondary

flows in the plane of the cross-section. In addition, tenperature and

wind stress may alter the circulation pattern considerably» vith dif-

ferent intensity in time and place (e.g. sheltering),

Dyer (1977) reports the results of a year-long study of the Pontomac

estuary, where fluctuations in the circulation pattern were attribute-

able to the wind. The expected pattern of seaward flow and landward

bottom flow occured for only 43% of the time. The reverse was present

for 21%, total inflow (storage) occured for 22% of the time, The re-

mainder was accounted for by total outflow and three layer circula-

tions.

The water movements in the three types of estuaries result in a dif-

ferent behaviour of the sediment load {Dyer, 1979) Pigure 2)* In a

«alt wedge estuary the river discharge is large and fluetuates of ten

seasonally. Both suspended and bed load are important. The bed load

will be deposited at the tip of the salt wedge, which pos it ion is

dependend on the river discharge. The sediments may thus be spread

over a long distance. The fine grained particles are transported to

the sea as a plume.

In a partially mixed estuary, the landward bottom flow is sufficiently

strong to move sediment up the estuary as far as the head of the salt

intrusion. Axound the head of the salt intrusion concentrations become

much higher then either in the river or seawater endmerobers. Thus,

this net non-tidal water movement acts as a sediment trap and forms a
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turbidity maximum. The magnitude and location of the turbidity maximum

depends on particle size, the amount of suspended matter available and

the strength of the estuarine circulation. In a well mixed estuary a

similar situation may prevail, although, the large tidal range may

cause more active exchange of the sediment with the offshore waters*

In addition two other sediment transport mechanisms act in estuaries:

1) the net onshore movement of especially sand sire material caused by

wave action and 2) an unidirectional transport of sediment resulting

from the tidal movement; there is a time lag between the tidal current

rythm and the changes in suspended matter concentration* An increasing

current neecis time to stir up sediment from the bottom and carry it

upwards, whereas in a decreasing current the suspended sediment needs

time to settIe.

In some estuaries fluid mud is associated with the turbidity maximum.

Mud concentrations exceed 20 g.L"1 (Postma, 1980) and are generally

around 100 g.L"1 or more (McCave, 1979). The fluid mud is mainly built

up by settling of material from the overlying turbidity maximum at

slack tide.

1.1.3. Quantitative treatment of solute dynamics

One way to describe quantitatively the mixing of sea and freshwater is

to treat the solute dispersal according to a one-dimensional advec-

tion-diffusion model (Karris et al., 1984; Daamen & Lefèvre, 1983). In

such a model secondary flows are ruled out for simplicity, while inho-

mogenities are assumed to be absent in cross-sections. The formulation

of the basis equation used by Daamen and Lefêvre (1983) is:

de d de
A — »= - — (Qc - AD — ) + local sources

dt dx dt
(1.1)
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A = the cross-sectional area at mean sea level, at a c«rtain point in

the estuary (m2)

c » the mean tidal, cross-section averaged concentration* {g.L~1) at x

(m) and time t (s)

Q « the discharge at A (m3.s-1) .,

D « the dispersion coëfficiënt (m2.s-1)

An estuary is subdivided into sections of some kilometers. The disper-

sion coefficients are calibrated for e ach section using salinity and

discharge observations, commonly measured during periods of several

years. The coefficients do not only representate molecular and turbu-

lent diffusion, but also the large seaIe mixing due to tidal action.

When calibrating the model, a conservative parameter ie used, i.e. the

salinity* Conservative behaviour means that the aqueous concentration

of a solute is fully dependent on the psyeical inixing of two (or more)

water bodies and not susceptible to chemical or biological reactions

(removal or enrichment processes).. Although not all, «specially minor

constituents, that form part of the salinity, behave conservatively,

the salinity is treated as a conservative parameter within the preci-

sion of the measurement.

For convenience, salinity is commonly used as an indicator for the

freshwater - seawater ratio. However, because of the high correla-

tions, also the conductivity, the density or the chlorinity may be

used. Millero (1964) determined these relationships in estuarine wa-

ters. The true salinity (Strue' c a n ^ coupled to the chlorinity (Cl,

as g halide per kg of solution) by:

strue B 0.092 + 1.80271 Cl (1.2)

The relations between the salinity and the conductivity and density

yielded respectively Scond
 a n d Sdens' which were expressed as a func-

tion of Cl. It appeared that S<nens showed good agreement with Strue'
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while the discrepancy of Scon<j with Strue increases with maller chlo-

ride concentration. This is due to the different specific oonductivi-

ties of major components in seawater and riverwater. Millero (1984)

concluded that if errors of * 0.04 °/oo in salinity can be tolerated,

no knowledge of the detailed ionic composition is necessary in

estuarine waters*

Officer (1979) discussed non-conservative behaviour in estuaries. Mis

relations are valuable at steady state conditions. In determining the

behaviour of a dissolved constituent, S-c diagrams are constructed.

The concentrations of the solute under consideration ie plotted as a

function of the salinity. The observed S-c relation is compared to the

theoretical (conservative) dilution line. In Figure 3 the various pos-

sibilities are considered: the concentration of the solute may be

lower in the river endmember relative to the seawater or may be higher

(the most prevaling situation). In both cases, addition and removal

processes may occur.

For one-dimensional, tidally averaged conditions, the net flux F of a

solute, as measured in a dovmstream direction , x, will be:

de
F • Qc - D A —

dx
(1.3)

At steady state, the one-dimensional continuity equation may be for-

mulated for the conservative salinity distribution:

ds
QS - DA «0

dx

Combining 1.3 and 1.4, i t givest

(1.4)

( d c ^
[c - s —
\ ds /

(1.5)
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The removal or loss, L, during estuarine mixing is simply the differ-

ence in the flux at the river and ocean end. Thus {see Pig. 4)i

(1.6)

Tor So "= 0/

is:

fractional loss, G, within the estuary, referred to F,

G •
Q.co

(1.7)

where co* is the regression line intercept at S = 0 for the tangent to

the c-S curve in the vicinity of ei* Curve B in Figure 4a obeys equa-

tion 1.7, where the fractional loss can be deterained. For curve C, no

net flux out of the estuary is present,

Equation 1.5 defines a linear relation between c and S for conserva-

tive behaviour, anyvhere in the estuary. In Figure 5 the diagram is

redrawn in a way, that the loss is entirely associated with a transi-

tion region between two lineair regions.

I
t
I
I
I
I

The applicability of the model is wholly dependent on the assumption

that steady state is a reasonable approximation. Steady state may not

be achieved within tbe relevant time constant within an estuary, the

residence time, due to river runoff and/or source variations.

1.1.4. The water phase

The major constituents in water behave conservatively. No evidence is

' preeent in literature for non-conservative behaviour of Na+, K+» Ca2+,

Cl", SO42- during the mixing of freshwater and seawater (Liss, 1976).

Mg2+ may have a conservative distribution, but may also be removed as

a result of ion exchange on clay mineral sites.
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The pH distribution in estuaries was studied by Mook 6 Koene (1975).

They found that the pH as a function of the salinity shows a minimum

value, going in seaward direction frotn 7.0-7.5 in the river to pH 8.3

in the seawater. This is the result of the rapid increase of the ap-

parent dissociation constants of carbonic acid with salinity. The pH

distribution is therefore simply a consequence of the physical mixing

process. Besides, there will be a variation in pH due to biological

processes with a marked seasonal dependence. During an algal bloom

(which in itself is salinity dependent), nutrients and CO2 will be as-

similated. Thus, small temporal and spatial variations in the pH dis-

tribution may be expected.

In general, oxygen concentrations decrease with increasing temperature

and salinity. HcKay & Gilligan (1972) investigated the factors influ-

encing the dissolved oxygen level in the Clyde estuary. The most im-

portant factor appeared to be the Biochemical Qxygen Demand (BOD)•

Dependencies on tidal range (negatively) and river discharges (posi-

tively correlated) were also established.

Morris et al. (1982) found a dissolved oxygen minimum in the Tamar es-

tuary, related to the turbidity maximum. It was suggeeted that more or

less pennanently suspen&ed trapped particles are the predominant oxy-

gen consumers. In a prior publication, Morris et al. (1976) investiga-

ted the very low salinity region (0.1-1.0 °/oo) in the Tamar estuary.

According to this studyf oxygen was also consumed in t.he water column.

The decomposition of riverine plankton was probably responsible for

this observation.

Some conflicting evidence is presented in literature concerning the

behaviour of dissolved organic matter (DOM). It seems that the distri-

bution of DOM (often also denoted as dissolved organic carbon, DOC)

may be different in various estuaries. Sholkovitz (1976) mixed filter-

ed river water with seawater and observed flocculation (his appella-

tion for coagulation, flocculation and precipitation, i.e. transforma-
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tion from the dissolved to the solid phase) of dissolved organic mat-

ter. Removal of DOM and humie materlal (which accounts for 4-20% of

OOM in 4 Scottish riversJ increases as the salinity increases from

zero to 15-20 °/oo, above which no additonal removal occured. In all

cases removal was rapid. The percentage of OOM which was removed upon

tnixing varies between 3 and 11%. Non-conservative behaviour was also

found by Höpner and Orliczek (1976), who performed mixing experiments

with filtered bog water.

Hunter & Liss (19B2), Laane (1982) and Hantoura 6 Woodward (19S3)

found conservative behaviour of DOC in respectively four English estu-

aries, the Ens-Dollard estuary and the Severn estuary. In the Severn,

where the water remains 100-200 days, neither microbial degradation,

nor flocculation or adsorptlon processes affected the DOC distribu-

tion. Half lives of DOM exceeded five years. The DOM of thia estuary

consisted approximately for 80% of fulvic/humic acids. in general,

fulvic acids (M < 1000) do not flocculate. These substances are hydro-

philic polyanions and are stabilized in a saltwater regime. It is sug-

gested by these authors that DOM consisted mainly of fulvic acid and

that eatuarine flocculation was restricted to higher nolecular weight

constituents.

Carlson et al. (1985) concluded from ultrafiltration experiments that

their data do not clearly indicate lose of high molecular weight DOM

during estuarine mixing. in the Beaulieu estuary, Hoore et al, (1979)

found that the DOC behaved essentially conservatively. The dissolved

organic material existed mainly in the molecular weight range of 103-

105.

So far, the distribution of DOM due to inorganic processes (floccula-

tion) bas been discussed. Some organic processes, often «easonally de-

pendent, are present when primary productivity is not «trongly inhi-

bited (e.g. by high turbidities). Dissolved organic material may be

the carbon eource for bacteria (Head, 1976 and references therein).

Further, DOC may be (partly) released from the pore water after decom-

position processes and DOC is produced by algae.
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Owens (1985) and Sholkovitz & Price (1980) showed in respectively the

Tamar and Amazon estuaries that biological tranformations can signifi-

cantly alter the Chemical composition of the suspended material. From

&15 N (owens, 1985), and element/Al ratios (Sholkovitz & Price, 1980)

it is concluded that estuarine material of biological origin (phyto-

plankton) is mixed with material of riverine and marine sources.

Sigleo & Helz (1981) determined seasonal variations in the composition

of the colloidal material in the patuxent estuary. In sunraer, the col-

loidal fraction (in the study under consideration: <0.40 pm) is com-

posed of mineral particles and planktonic organiams. in winter, both

fractions are mainly composed of mineral components. Thus, especially

for summer samples, the operationally defined distinction between par-

ticulate and dissolved-colloidal has also a more fundaroental charac-

ter.

The aggregation of colloids in estuarine systems is dependent on hy-

drodynamic factors that deteraine the rate of collisions and by inter-

facial effects that (de)stabilize aggregates (Hunter & Liss, 1982).

Concerning the second point, it is generally etated, that colloidal

stability is decreased at increasing electrolyte concentration due to

the decreasing extent of the electric doublé layer. In the estuarine

mixing zone, during initial mixing, ion adsorption undergoes large

changes which results in flocculation of riverine colloids. This may

lead to differential settling of different clay minerals (e.g. Edzwald

et al(/ 1974} .

However, surface charge measurements do not confirm this (Hunter &

Liss, 1982; Hunter, 1983; Loder & Liss, 1985). The results of these

studies indicate that the surface charge distribution of estuarine

colloids is highly uniform and always negative, in spite of the mixed

nature of colloids and particulates in estuaries. It is therefore pro-

bable that surface charge is controlled by organic coatings (treattnent

of particulates with UV radiation resulted in positive surface charges

I
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(Loder & Liss, 1985)). It is concluded from these studies that floccu-

, lation occurs independently on the colloidal particulate matrix and

that colloid destabilization probably results from conjpression of the

electrical doublé layer.

1.2* Tbe Scheldt eatnary

1.2.1. Introduction

The Scheldt is a small river on a world scale. Th is can be evaluated

in te ras of some important parameters: drainage area, length of the

major strearo and freshwater diecharge• Tb visualize the above state-

ment, one can compare these figures for the Scheldt with the world

largest river, the Amaeon, and some other rivers (Table 1).

Table 1. Some important parameters for the Scheldt, coapared with

other fluvial systems. Data from Fairbridge (1980)

length discharge area
km km2 * 1000

mean discharge

1
I
1
I
f

Scheldt
Thames
Seine
Rhine
Brahmaputra-Ganges
Yangtte-Kiang
Niger
Mississippi-Missouri
Amazon

260*
340
780
1360
2980
5000
4070
6400
6300

22**
16
79
224
935
1770
1500
3250
7050

100**
80
500
2500
17700
30000
14300
18000

200000

* v.d. Kooy (1982)
** Hendriksma (1981)

The Scheldt will thus not be of major importance in flux calculations

of riverine dissolved constituents and solid otaterial to the oceans,

The importance of an investigation of the estuarine chemittry of the

Scheldt lies within its regional functions and its acute po Hution

problems. Besides temporarily anoxic conditions in the brackish water

region of the estuary, there is a considerable load of heavy metals

and organochlorines.
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1.2.2. Description of the Scheldt estuary

. The drainage area is shown in Figure 6. The Scheldt which is exclu-

sively provided with rainwater, drains a small region in northern

France, western Belgium and a small part of southwestern Netherlands.

The largest freshwater mass is contributed by the Rupel, with an aver-

age fraction of 58% (Baeyens & Jacques, 1979).

The estuary may be devided into three sections:

1. Genthbrugge-Rupelmouth, where only freshwater is present. At Genth-

brugge there is still a tidal rise of approximately 2 meters. This

is at the same time the tidal limit, because of the presence of a

dam;

2. A single channel and transitional sector front Rupel to Walsoorden;

3. A multiple channel seetion, with typical ebb and flood channels.

The average discharge of the Scheldt as deteraiined at Schelle, is ap-

proximately 100 m 3.s" 1. In Figure 7 the river discharge is shown in

the period 1959-1978* There is a strong seasonal dependency. The tidal

volume, entering the estuary at VTissingen during flood is one billion

cubic meters. Combining these data, one would expect a well mixed cir-

culation pattern (see section 1.1.2.).

The Scheldt estuary belongs indeed to the category of well mixed estu-

aries. Vertical salinity gradients are generally lower than 1°/oo, al-

though differences of 2°/oo have been observed between surface and

bottom water at the Belgian-Dutch border. Some differences in the es-

tuarine raixing pattern exist between surroner and winter. In the wet

period, the winter, the estuary has a partially mixed circulation pat-

tern (Hendriksma, 1981).

Besides longitudinal and vertical salinity gradiënt», lateral gra-

dients are present. Van der xooij (1985) studied lateral and vertical

gradients in the Western Scheldt. At the Belgian-Dutch border the

water at the left bank has a somewhat higher chlorinity than the water

8
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at the right bank, during the entire tidal cycle. Th is situation is

consistent with the local circulation pattern; during flood, inflow

takes place along the Ieft bank, while the ebb moves along the right

bank.

Theoretically, a three-dimensional advection and diffusion model, des-

cribing the circulation pattern, may be drawn. Solution of these equa-

tions requires a huge amount of field data and cannot be solved with-

out drastic simplifications. For the Scheldt estuary, one- (Daamen &

Lefèvre, 1983) and two- (Dekker, 1963) dlmensional modeIs have been

constructed.

A limited number of parameters is required in these models:

- freshwater discharges (often represented as monthly or 10-days aver-

ages);

- tidal characteristics (range and propagation);

- morphological characteristics (eepecially cross-sections).

The one-dimensional model is calibrated with salinity measurements.

For each estuary section of 5 km, a dispersion coëfficiënt can be com-

puted (Figure 8). These values need to be re-evaluated continuously

due to changes in the norphology of the eetuary (e.g. dredging, sedi-

mentation-erosion processes).

The output of the one-dimensional model may be the tidally averaged or

low-tide concentrations of a conservative constituent. Besides, it is

possible to study the effects of changes in freshwater discharge on

the circulation. In Figure 9 longitudinal profiles of the chlorinity

are compared at high and low tide conditions and at the lowest and

highest discharges. The evaluations of the salinity at a given point,

at low tide, as a function of the discharge, is shown in Figure 10. At

one dlscharge-value, large differences in salinity can be obeerved,

indicating a strong metnory effect of the estuary. Th is memory effect

is proportional to the residence time {Wollast & Duinker, 1982)* If
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the establishment of a steady state is very f ast, the phenontenon of

Figure 10 would not be observed. in the simplifieö one-dimensional

model for the salinity, the departure from the steady-state is in-

cluded in the dispersion coefficients.

It is expected that wind influences are of minor importance in estuar-

ies with long residence times like the Scheldt estuary. The duration

of wind events is at most a few days, which is short compared to the

time needed for an estuary to reach a new steady fltate (Wollast &

Duinker, 1982).

As seen in section 1.1.2» in partially and well mixed estuaries a net

nontidal bottomflow may move upstream. This also occurs in the Scheldt

estuary at the downstream zone of the salt intrusion, whereas upstream

the net nontidal flow is downstream in the entire water column. At the

interroediate zone, where no net residual currents are present near the

bottom, a turbidity maximum has formed (Figure 11). The location of

this sone of mud entrapment is dependent on the river discharge. It

varies bet we en the Rupel at low discharges (approximntely 25 m3.s""1)

to the Belgian-Dutch border {at Q > 200 m3.s-1). This specific circu-

Xation pattern gives also rise to a considerable longer residence time

for particles, compared to the water*

Besides, the mechanisms of mud entrapment by the circulation pattern,

flocculation contributes to the partiële enrichment in the turbidity

maximum. This flocculation process starts at 1°/oo salinity and has

its upper limit at 2.5°/oo (Wollast, 1982) or 5°/oo (Peters & Wollast,

1978). A further increase of salinity produces larger flocs with gene-

rally lower densities. The zone of sediment accumulation and floccula-

tion is associated with intense shoaling in a restricted area (Figure

11). A net erosion of such areas may occur during spring tides, while

a net sedimentation predominates at neap tides• The zone underlying

the turbidity maximum/ consisting mainly of mud and fine silt, is bor-

dered by areas, upstream as well as downstream, with coarser deposits,

e.g. sand.

1
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in the Scheldt estuary, a net sedimentation probably takes place. A

small amount of the sediment load of the river can escape to the sea.

In addition, a residual transport into the estuary of marine sediments

occurs. These particulates may enter the estuary as far as the Rupel.

Figure 12a shows the ratio fluvial/marine suspended particles in the

Scheldt estuary. It appears that the ratio is not a simple function of

salinity. From Figure 12b, it is concluded that the ratio fluvial/ma-

rine suspended particles is not conform to this ratio in the sediment

of the Scheldt estuary. Whereas the isotopic composition of the sus-

pended matter indicates a eontinuous change in a aeaward direction,

the sediment exhibits an erratic behaviour. The exceptional high &13C

values at two locations, indicating anomalous high marine mud leveIs

may reflect old marine particles, deposited during low runoff or

storms (Salomons 6 Förstner, 1984).

Besides marine and riverine sources for sedimentary material a third

component can be distinguished* Mariotti et al* (1984) used the isoto-

pic composition of nitrogen in studying the origin of the suspended

particulate organic matter in the Scheldt estuary* In winter, terrest-

rial organic matter is mixed with a marine component (vhicb possesses

marked differences in «1^N). In summer phytoplankton growth is another

&15N source. in chapter 3 {Zwolsman, 1986), attention will be paid to

the nutriënt cycling in more detail. Here, it will be referred to NH4
+

uptake by organisms throughout the estuary. The autochtonous phyto-

plankton reflects the « 1 % of ammonia, which is the result of a eon-

tinuous fractionation during the nitrification (transformation of NH4
+

to N03~ by bacteria, resülting in an enrichment of &
15N of the resi-

dual ammonia).

In Figure 13, April and October conditions are diagramtically cotn-

pared. In the first case {Figure 13a) the £15N distribution reflects a

simple mixing of two end members, while in October a phytoplankton

growth influences the &15N distribution. From the diagram it appears

that the isotopic composition of the end members is seasonally depen-

dent.

B
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Van der Kooij (1985) determined also the distribution of suspended

particles along cross-sections in the estuary. The vnxiability of the

suspended particles (and associated componente) appeared to be much

larger than for the salinity (see above). In the watercolumn, suspen-

ded matter concentrations varied over 100 mg.L"1. These maximum dif-

ferences occured short after low-water slack, probably as a result of

dredging activities*

1.2*3» Behaviour of major coeiponents and organic carbon

No evidence has been found in literature for the non-conservative be-

haviour of the major elements (Cl", SO42-, Na
+, K+, Ca2+, Mg2+) in the

Scheldt estuary. Althougn it is expected, that Ca2+ and Mg2+/Na+ will

join in exchange reactions, these quantities will hardly be measurable

in the aqueous phase.

The distribution of the pH along the axis is well-established. The pH

can be predicted with good accuracy and is solely the result of the

mixing of two water masses £see above, result of Mook & Koene (1975);

Figure 14)). Obviously changes due to biological processes (e.g. pro-

duction of CO2) are of minor importance.

The dissolved oxygen concentration does reflect biological processes.

The Scheldt river contains an enormous load of organic eubstances

(Biochemical Oxygen Demand, BOD) as a consequence of the insufficient

sewage purification in Belgiusu O2 uptake by the water cannot compen-

sate for the loss by degradation reactions. Temporarily, the Scheldt

is anoxic or has oxygen levels for below Standard values (freshwater

standard in The Netherlands is 5.0 mg C^.L""1). In the winter season,

oxygen levels are generally higher than in summer; the organic matter

is diluted more effectively during the "wet" season, while bacteriolo-

gical degradation is slowed down due to the lower temperaturen On the

other hand, during algal blooms in summer, O2 is produced. During

mixing of the freshwater with the oxygen-rich seawater, the dissolved

oxygen level increases rapidly (Figure 14).



I
r
t
i
i
1
i
t
i
f
i
i
i
i
i
i
i
i
ï

ministerie van verkeer en waterstaat rijkswaterstaat

bahoort bij:

datum:

blednr;

NOTA

31 oktober 1986

21

GWAO-86.111

The study of van der Kooij (1985) proved 02-inhomogeneties in the

cross-section. These variations we re just as for chlorinity: concen-

trations were highest near the bottom and at the left bank.

The DOC and POC (particulate organic carbon) concentrations in the

Scheldt are high, respectively 7 and 15 mg.L-1 (Wollast, 1982), while

the average in unpolluted rivers in temperate climats amounts respec-

tively 3 and 2 mg.L"1 (Meybeck, 1980). Two important processes affec-

ting the organic matter transport through the estuary are registered

by Wollast (1982). The deposition of the particulate matter in the low

salinity range (1-10 °/oo) leads to an almost complete mineralization

of the POC by heterotrophic bacteria. Secondly, the decrease in turbi-

dity with increasing salinity leads to plankton bloems during spring

and early autumn* Host óf this organic matter ie transported to the

coaetal zone. Mo conclusions were drawn concerning the DOC.

The Scheldt estuary is a highly polluted system. In the seventies,

dissolved oxygen leve Is in the Belgian part of the Scheldt were ex-

tremely low. Only recently, an improvement has started, due to a con-

tinuously decreasing load of waste water. According to Wollast (1982),

approximately an 60% reduction of the maximum organic load of 1974

would be required to eliminate anoxic conditions all over the year.

Van der Kooy (1982) estimated the BOD, nutriënt and heavy metal load,

introduced into the Dutch part of the estuary in 1981. He distin-

guished several sources of these, in majority, pollutants (Table 2).

The river Scheldt appears to be the main source, whereas the canal

Genth-Terneueen, which is partly fed by Scheldt water, is also highly

polluted.

Considering the BOD, the Scheldt is improving slowly, although in 1981

still anoxic conditions were present near the Belgian-Dutch border*

Other quality iroprovements have been established with Hg, Cr, fenol

and 3H. On the contrary, Ni, drins and PAK concentrations were in-

creasing. Decreasing concentrations will not always coincide with de-

creasing load of pollutants, dependently on the river discharge (which
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Tfchle 2. Bstimation of the polluticn load in the Western Scheldt in 1981 (tana per y»ar). Data frcm v.d.

(1982).

I
1

Scheldt

Direct discharges

Dutping (c,g.

dredging sludge,

gypsun vaste)

Canals

Balder discharges

Rsin water

Tbtal

N

40000

3350

7800

4250

580

59960

P

4500

1185-1260

675

1300

25

35

6320-6395

BOD

15000

15555

1700

4250

36505

CU

66

56- 1B

112

2

32

88-100

NL

166

20-40

10

04

178-182

m

450

249-413

19 -23

70

13

565-582

Cr

100

20-31

7

2

01

111-112

09

13

051-056

14 -18

03

02

154-159

Hg

12

002-004

002

124-126

105 1

22-79 T

52-64 •

l* f1
42 €

120-128 1

showed an increasing trend in the seventies). Lower concentrations,

but approximately equal loads were observed for Kj-N, NH4+ and Zn.

1.2.4* Future change s

Three major man-made changes are actual in the Scheldt estuary:

1. A decreasing load of organic substances due to increasing purifica-

tion of Prench and especially Belgian waste waters.

2. The deepening of the maIn channel by dredging for «hipping reasons.

The purpose is to improve the accessibility of the Antwerp harbour.

3. The discharge of water excess of the Zoommeer from 1987 via a canal

at Bath.

Another plan, the construction of a canal at Baalhoek, is still in its

initial stage. Beeause of the uncertainty of the realization, no at-

tention will be paid to eventual consequences•

Sotne aspects dealing with 1 have already been discussod in the precee-

ding section. The deepening of the main channel has been studied

(Technische Scheldecommissie, 1984) and will have minor consequences

I
I
I
1
I
1
I
1
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In the vertical tide, e.g. at Bath approximately 15 cm. Due to the

smoothening of the channel (changing dispersion coefficients), the

salt water will intrude somewhat further, resulting in higher average

Balinities (at most 400 mg.L"1 at the Belgian-Dutch border)* The tur-

bidity is expected to increase permanently with 15-30% due to continu-

ous dredging activities with a consequent decrease in the primary pro-

ductivity.

The increase of BOD (and decrease of O2) can be neglected relative to

the Scheldt load.

The discharge of the Bath sluice will partly counteract the above men-

tioned effect© of the deepening, The water from the Zoommeer is a mix-

ture of Rhine-Meuse water and will be discharged with a maximum of 100

m 3.s" 1. Besides, a continuous freshwater loss by way of the Zandvliet

sluices amounts 20 mS.s"1. This water is well-oxygenated {10 mg

O2«L"1)f has a considerable BOD load (5-7 mg.IT1) and a low salinity

(the Rhine chlorinity is 100-150 mg.L-1). The expected effects are

calculated with the one-dimensional advection-diffu&ion model (Daamen

S Lefèvre, 1983).

The results (Bitter £ Lefèvre, 1963) indicate a slight decrease in the

dissolved oxygen concentration (0*4 mg.L-1 at most at the section

Hansweert-Terneuzen). The 02~lcvel near Bath will be higher due to the

discharge (at most 0.7 mg.L"1).

Abbreviations

A Cross-sectional area (m2)

c Concentration (g.L*1)

Cl Chlorinity {g halide.kg-"1 eolution)

D Dispersion coëfficiënt (m2tS~1)

F Flux (gts"1)

G Fractional loss

L Loss (g«8~1)

Q Discharge (m3.s"1)

S Salinity (%>o)

t Time (s)

x Longitudinal distance (m)
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OHGANIC MXCROPOLLUTANTS

Iotroduction

The use of synthetic organic chemicals has increased enormously the

last two decades. Fertilirers and herbicides were introduced into the

argriculture and the Chemical industry developed new products. Be-

si des, the large scale use of fossile fuels has increased enormously

after World War II.

Awareness of the risks and dangers of the presence of these, in majo-

rity, xenobiotics in the environment came only later. After some more

or less hasardous incidents in several parts of the world, man began

to realize the problems of the growing pollution. This was enhanced by

the fact that some man-made chemicals were shown to be extremely per-

sistent in the environment and accumuiated in the fatty tissues of

animals.

Once discharged in the environment, a pollutant is subject to a great

variety of psysical, chemical and biological processes. As a result, a

distribution between the various compartraents of the ecosystem occurs.

The distribution of a micropollutant is determlned by its Chemical

nature as well as by environmental factors. Both determine ultimately

the accumuiation in the fatty tissues of animals and therefore the in-

trinsic danger of a micropollutant in the food chain.

A pollutant becomes an environmental problem, when it meets the three

following requirements:

1. presence of a source

2. A pathway

3. A target

In the system under consideration, the Scheldt estuary, the three con-

ditions are fullfilleö. The target, the food chain, with human life on

top, is quite sensitive at every level for pollutants. Sources are

preeent in an overwhelming quantity; the river Scheldt, polder dis-

charges, dry and wet deposition, harbour discharges and, from 1987 the

I
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sluice at Bath, which will aupply a mixture Rhine and Meuse water to

the Western Scheldt.

The objective of this chapter la to evaluate, from a geocheaist point

of view, the processea that detennine the pathways and fates of organ-

ic micropollutants in estuariea in general and particularly in the

Scheldt Estuary. The knowledge of concentrations In, and distributions

between the varioua abiotic compartnenta ia neceanary for biologists

to detennine lts bioa ccunul at ion. Procesaea discustied in thia chapter

are e.g. sorption, volatilization, biological degradation, and photo-

chemical degradation. Knowledge of these process«s ia necessary In

order to predict the effect* of future changea in the Scheldt Estuary,

such as the extra diacharge of freshwater at the Bath sluice, the

recovery of oxygen in the lower Scheldt as a resuXt of the reduction

of the BOD load and the permanent and incidental dredging activities

which takea place for shipping reasona.

Only recently the investigation of organic micropollutants waa accel-

erated. One factor responaible for thia development is the improvement

of analytical techniquea. Ëapecially the tranaition from packed column

chromatography, which has been used aloost exclusively until 1960, to

capillary column (plus electron capture detector) bas increased both

quality and accuracy of analytical results (Duinker et al., 1984)•

Zn the following, firstly some general characteristics of the micro-

po Hutante under consideration will be discussed. A subdivision into

groups, dependant on use and molecule structure will be made. Further-

more, aspeets of the chemical behaviour and properties (such as water

solubility, sorption, microbial degradation) will be dealt with.

Secondly, the knowledge of the behaviour of the organic micropollut-

ants in estuaries ia evaluated. h considerable arnount of papers is

present in literature on this subject, but the majority is of a moni-

tor ing or descriptive nature, rather than that they unravel the pro-

cesses. Finally, the situation of the Scheldt estuary will be des-

er ibed.
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2.2.

2 . 2 . 1 .

ttm

w *

Psysico-cfaealcal cbaracteriatlca of organic wicropollofnt»

Nomenplature

The namegiving of organic micropollutants can be based on several cri-

teria. One criterium is to eubdivide them to their use. So insecti-

cides, herbicides and fungicides can be distinguished. The chemicals

belonging to these groups are all chlorinated hydrocarbons. Some sub-

divisions are based on their biological effects (e.g. carcinogenic

substances) or on their physico-chemical properties (e.g. surfactants

or chelate forming substances).

Another subdivision is based on the structure (and thus behaviour). So,

polycyclic aromatic hydroearbons (PAHs), polychloribiphenyls (PCBs),

phenol and its derivates, drins, etc. can be distinguished.

The nomenclature is according to Standard rules in organic chemistry,

although many of them are known under their trivial names (e.g.

JC-hexachlorocyclohexane is lindane).

Without going into detail (for systematic treatment of the nomencla-

ture, see any organic chemistry handboek) some remarks concerning the

molucule structure will be made. The basie constituent of an aromatic

compound is the benzene ring, which contains three doublé bonds. The

PAHs contain two or more fused rings, while no chlorine atoms are

bound (Figure la). The PCBs are compounds with linked rings (biphenyl)

ith one to ten ehlorine atoms (Pigure 1b). The production of techni-

cal mixtures of PCB leads to about 80 congeners among the 209 theore-

tically possible components (Abarnou et al, 1986).

Some PAHs are naturally occuring compounds. They are identified in oil

and smoke, while PCBs are merely industrially produced.

DDT (trichloro,2,2-bia(4-chlorophenyl)ethane (Pigure 1c), and its

derivates are among the first insecticides used in the environment.

The benzene rings are connected via a carbon atom.

Substances containing satuarated hydrocarbon rings are the drins (cy-

clodienes: endrin, dieldrin, aldrin) and hexachlorocyclohexane (HCH).

• f - l
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The three-dimensional structure of the molecules gives rise to the

. existance of stereo isomers, in contrast with the aromates (the

benzene ring acts as a plate).

2.2.2. Solubility and octanol-water partition coëfficiënt

Many pollutants have hydrophobic properties in common. Hydrophobicity

is the driving force for in general low aqueous solubilities and lipo-

philicity. Due to strong attraction between water molecules, the hy-

drophobic molecules are pulled out of the molecular water structure,

Benzene rings and unsatuarated bonds do not affect the polarity to a

great extent. Hence, their water solubility is not very different from

parafins.

Solubility

In general, a relationship exists between molecule structure and solu-

bility* Within a homologous series the solubility decreases with in-

creasing molecular weight (e.g, Figure 2, for PAHs).

Bganhouse and Calder (1976) for example, determined the solubilities

of some aromatic hydrocarbons• The solubility proved to be dependent

on molar volume. The alkyl naphtalenes exhibited solubilities which

were a function of substituent Bi ze and position of the alkyl group.

Due to solute-solute interactions and/or solid solutions, solubilities

decreased in a muiticomponent system, e.g. the addition of phenan-

threne reduced the water solubility of anthracene. More relevant to

estuarine studies is the role of ionic strength (I). As a function of

the salinity, solubilities decreased considerably. This relationship

between salt concentration and solubility, the Setchenow-equation,

generally holds for solution up to 1 or 2 M.

In a symplified form the expression is given as

log (S°±/Si) = KSCS (2.1)
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in which S°j. and Si are respectively the solubilities of compound i in

distilled water and saltwater; Ks is the empirical salting parameter

(the Setchenow constant) and C 8 is the molar salt concentration. Thus,

when the constant, Ks, is known, the "salting out" effect of increa-

sing ionic strength in an estuary can be predicted.

Whitehouse (1985b) investigated this relation for six PAHs. Four com-

pound s (anthracene, phenanthrene, 2-methylanthracene and 2-ethylan-

thracene) yielded a constant slope Kg and a «ero intercept at differ-

ent temperatures, when plotting log (S°j/Sj.) against Cs.

Ben«o(a)anthracene and benzo(a)pyrene on the other hand did not obey

the Setchenow equation. The first compound lacked to response signifi-

cantly to increasing salt concentrations (at salinities > 8°/oo)* This

phenomenon is called "salting-in". Benzo(a)pyrene appeared to be in-

sensitive to changes in salinity* No satisfactory explanation was

given for these observations.

Whereas it has previously been thought that Ks was dependent on molar

volumes (e.g. McDevit & Long, 1952 and Rossi & Thomas, 1981), White-

house (1965b) relates the surface area A (R2) of the solute to the ob-

served Ks:

K s
o b s - (2.2)

in which \otos is a constant (1.41 10-3) derived from the plots. With

this result, it is possible to predict the salting-out from pure com-

ponent parameters.

Octanol-Water Partition Coëfficiënt

Cloeely related to the aqueous solubility is the octanol-water parti-

tion coëfficiënt/ Kow. lts definition is: the ratio of the •quilibrium

concentration C of a dissolved substance in a two-phase «ystem consis-

ting of two immiscible solvents, n-octanol and water
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Kow =
Coctanol

Cwater
(2.3.)

Kow is pressure and temperature dependent and is usually given as a

logarithm.

Similar to solubilities, the partition coefficients change linearly as

a function of molecule structure within a homologous series. The addi-

tive effect on log Kow of functional groups is most tijnes also known

(Figure 3) and may be formulated as:

TT x - log KK - log KH (2.4)

where Kx is the partition coëfficiënt of the derative of the parent

molecule with partition coëfficiënt Ky, and tix is the logarithm of

the partition coëfficiënt of the functional group X; equation 2.4 is

only valid when no spherical effects are present.

Relation S-Kow

In literature numerous attempts can be found to link the aqueous solu-

bility and the octanol-water partition coëfficiënt.

One wou ld expect a correlation bet ween the two projperties: a higer

solubility will coincide with a lower octanol-water partition coëffi-

ciënt. Based on experimentally values of Kow and S, i'or various types

of substances, a regression can be obtained. This line (Figure 4)

spans the majority of Chemicals, with different polarities and molecu-

lar states (liquid vs solid). If S is expressed in mg,L~1, the regres-

sion line becomes (Verschueren, 19B3);

log Kow = 4 . 5 - 0 . 7 5 log S (2.5)

There are, however, some important deviations. An example is penta-

chlorophenol. The predicted log Kow differs from the true value almost

two orders of magnitude.
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Chiou et al. (1982) also derived a relation between the tqueous solu-

bility and octanol-water partition coëfficiënt. The r«gteesion line

obtained by these authors for selected aromatics is somewhat different

from 2.5.

log Kow « 0.710 - 0.862 log S (2.6)

The correlation extends over six orders of magnitude (of S) and the

slope is significantly different from -1* The authors concluded that,

especially for liquids, a good predictability exists for the partition

coëfficiënt from solubility data.

Ideally, calculated with the assumption that Raoult's law is obeyed,

the slope of the relationship must be -1. Two phenomena explain the

deviation. Firstly, the effect of dissolved octanol (in water) on

aqueous solubility of the Chemicals and secondly, liquid solute incom-

patibility in the (water-saturated) octanol phase.

Besides, a correction must be made for solids. The effect of melting

on solubility will always cause a dovmward deviation from the ideal

line: it reduces water solubility, but not the partition coëfficiënt,

since it affects both solvents equally (Chiou et al., 1982). This cor-

rection includes heat of fusion for the solids.

More recently, Millar et al. (1985) discussed the relationship from a

thermodynamical point of view. They found that the activity coeffi-

cients of hydrophobic Chemicals in aqueous solution and in octanol

solution both increase with increasing molar volume, V.

This implicates good correlations between Kow and S with V (Figure 5).

Their thermodynamical considerations provide a basis for the experi-

roental lines as found by Chiou et al. (1982). The slope will tend to

have values in the range 0.79 - 0.86.

2.2.3. Ifiteraotiorie with Dissolved Organic_Matter (DOM)

Before the influence of DOM on aqueous solubilities of micropollutants

is discussed , DOM must be defined. Whitehouse (1985a) defines DOM as
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organic matter which passes through a Whatjnan GF/C glass fibre filter.

. Because this is rather unsatisfying, he distinguishes "quality" and

"quantity" in describing the DOM in the environment. Quality refers to

its origin: terrestrial or marine organic matter, wbereas quantity

stands for the concentration of dissolved organic carbon (DOC)•

Zt appears that the partitioning of PAHs in the dissolved phase is

significantly influenced by the presence of naturally occuring DOM.

This is in agreement with the investigations of Hassett & Anderson

(1979) for cholesterol. The dissolved concentration of an organic

micropollutant is considerably smaller after pretreatment of the water

with UV-radiation. This indicates that the binding to DOM causes the

"thermodynamical" solubility to be exceeded, Bspecially the interac-

tion of PAHs with terrestrial humic material has great consequences

for their solubilities, Prom ultrafiltration data it can be concluded

that PAH-DOM association mainly occurs with high molecular weight ma-

terial (Molecular weight, H> 500). Hassett & Anderson (1982) found

that adsorption of cholesterol and a tetrachlorobiphenyl onto parti-

cles was less efficiënt in the presence of high DOM concentrations.

Whether this was due to formation of associations between DOM and the

two hydrophobic compounds or to competition between DOM and the two

compounds for adsorption sites was not clear.

These authors do not spe ei f y what they nean by "association" t it may

be adsorption to or dissolution in the colloidal humic phase* Carter &

Suffet (1982), who determined DDT-binding to DOM, and HcCarthy &

Jimenez (1965) who studied PAH sorption on dissolved humic material

found the same as Hasset & Anderson (1982).

Carter & Suffet (1982) also concluded that this binding greatly af-

fects the fate of organic pollutant in natural systems. The differen-

ces between bound and unbound pollutant are marked by a higher hydro-

lysis rate, a lower volatilization rate and changes (in what direction

is not indicated) in rate of photolysis and extent of bioaccumulation.

They constructed "association curves" which may be interpreted as ad-

sorption isotherms. They found that a substantial piirt of total dis-

solved DDT is bound to DOM. These curves appeared to be linear over

I
1
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great concentration ranges of DDT. The slope of the curve is humic

, acid dependent. All curves went through the origin.

Dependencies of the association with DOM on pH, ionic strength I and

Ca2+ have also been observed* Both the presence of Ca2+ and the in-

crease of I cause an increase of the association constant. The same

applies for a decreasing pH. These effects are, according to the

authors, consistent with the known effects of solution parameters on

the aqueous behaviour of humic materials. As hydrogen and metalion

concentrations are enhanced, or as ionic atrength is increased some

changes in the physico-chemical characteristics occur; the humic poly-

mers may enlarge molecular slee and may coil, while their charge will

decrease. The result is that the humic material is more prone to sorp-

tion because the polymers become less hydrophilic and may bound hydro-

phobic chemicals more effectively.

The specific ionic strength effect is probably due to salting-out of

the hydrophobic organic compound, because the Chemical potentia1 of a

dissolved nonionic compound in water increases with enhanced I.

A rather puzzling phenomenon is the negative correlation between the

association constant and humic acid concentration. No mechanism for

this observation is suggested by the authors, except that it could

have been caused by an experimental problem (leakage through dialysis

bags). McCarthy 6 Jimenez (1985) also observed a slightly negative but

significant correlation between the association constant and dissolved

humic material (DHM). The association constant did not change by more

than a factor of 2 over a range of 0-40 mg C-DHM.L"1. Hassett & Mili-

cic (1985), however, found no significant dependance of the binding

constants on the DOC concentration. By utilizing a gas purging tech-

nique, they found a binding constant of 7.4 104 for 2,2',5,5'-tetra-

chlorobiphenyl•

In another publication, Carter & Suffet (1983) reported the different

binding properties of several humic and fulvic acids. In all cases the

binding constants are greater for humic acids, relative to fulvic

acids. They found no correlation between binding constants and humic-

fulvic characteristics (e.g. %C, %Fe, molecular size estimates). They
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concluded that, at this moment, no predictions can b« made how strong-

. ly a pollutant will be bound to DOM in a particular sample, without

actually measuring the binding constant.

The dependence of the binding constant on the temperature is consis-

tent: the binding constant increases with decreasing temperature.

2.2.4. Sorption on to sediments

Karickhoff et al. {1979) and Karickhoff (19B1) stated that sorption

isotherms for hydrophobic compounds are linear over a broad range of

pollutant concentrations. The partition coefficients are relatively

independent on sediment characteristics but directly related to its

organic carbon content.

The adsorption data fitted well to linear isotherms!

ï
I

Cs CL (2.7)

where Cg is the concentration of sorbate in the sediment (pg.g~1),

CL is the equilibrium sorbate concentration in the aqueous phase

(Vig.L"1) and Kp is the partition coëfficiënt (L.g~1). This is in fact

the equation of the Freundlich isotherm:

C S «= K C L V n (2.8)

with n=1 (Figure 6). Because Kp correlates strongly with organic car-

bon content and is more or less independent of other substrate proper-

ties such as cation exchange capacity and elemental composition (Heans

et al., 1980), it is convenient to normalire partition coefficients to

organic carbon:

Kp/foc (2.9)

where foc denotes the fractional mass of organic carbon in the sedi-

ment .
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\ Furthermore, the authors ghowed that sorption behaviour was dependent

'-_ . on the grain sire distribution. Greatest affinity occurred for medium-

fine silt fractions, whereas affinity was lower at larger and «maller

grain sizes. Especially coarse silt and sand acted as diluting agents.

Karickhoff et al. (1979) plotted normalired partition ooefficients

against other sorbate properties. They found a perfect correlation

(r2=1.0) between Koe and Kow:

log Koe * 1.00 log Kow - 0.21 (2.10)

for some PAHs, benzene and a hexachlorobiphenyl. (Karickhoff (19B1)/

however, found a slightly different equation, based on 4 PAHs and ben-

zene:

log Koe - 0.989 log Kow - 0.346 (2.11)

The aqueous solubility - Koe correlation was only slightly smaller

(r2-0.94)

log Koe - - 0*54 log 5 + 0.44 (2.12)

The author suggested that Kow provides a amen better estinator for

sediment-water partitioning than eolubility, because crystal energy

contributions affect aolubilities (and no other properties, such as

Kow and Koe).

It is concluded from both studies that, although sorption is most

times described using Langmuir or Freundlich isotherms, at low concen-

trations the behaviour can adequately be characterieed by simple

linear adsorption coefficients, normalized to organic carbon (this is

confirmed by O'Connors & Connolly, 1960).

Sorption-kinetics

The sorption behaviour of individu*1 organic Chemicals appears to be
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more complicated than the generalized model above indicates. Two ob-

servations illustrate this. Firstly, besides reversible adsorption be-

haviour, it is thought that some compounds adsorp non-reversibly (i.e.

a certain fraction is resistant to desorption). In that case the ad-

sorption isotherm does not match the desorption isotherm (hysteretic

isotherms) under equilibrium conditions (e.g. Di 'Poro & Horzempa,

1982; Horzempa & Di Toro, 1983).

Di Toro & Horzempa (1982) dentonstrated resistant desorption behaviour

for a PCB congener (a hexachlorobiphenyl) and for various natural ad-

sorbents at environmental significant conditions {!.». low concentra-

tion levels). They performed desorption, after adsorption, by subse-

quent multiple desorptions (Figure 7). From diagrams of this kind,

they concluded that a considerable amount of the hydrophobic chemicals

adsorbed irreversibly. It appeared that this resistant amount was

dependent on the aqueous concentration • The ultimate shape of the con-

secutive desorption isotherm has not yet been determined. This is

important since it is related to the question of desorbability when

aqueous concentration approaches zero.

Secondly, a dependence of Kp on particle concentration has been ob-

served (e.g, O'Connor & Connolly, 1980). This effect is clearly demon-

strated in Figure 8. For compounds with relative high Kp the influence

is highest. Recently, two reports have dealt with hydrophobic adsorp-

tion on particlea.

Gschwend & Wu (1985) proposed that the role of non-settling (non-fil-

terable) microparticles or organic macromolecules (• NSP) has been

overlooked in sorption tests. These microparticles or macromolecules

have sorption capacities. During experiments, they remain in the

aqueous phase and disappear with the supernatant. This leads to the

higher observed partition coefficients during desorption experiments,

When percautions are taken to eliminate or account for this effect,

the observed partition coefficients for hydrophobic chemicals are con-

stant over a wide range of solid/solution ratios.

i
8
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It appeared that this "third phase" had equal affinities for hydropho-

. bic compounds as those exhibited by the larger mass of tolids (i.e.
KNSP = Kp« Gschwend & Wu, 1985). It can, however, not be excluded

that this colloidal matter has greater affinities because of its

larger surface area.

The importance of non-settling particles is twofold. To evaluate this,

one can compare true and observed partition coefficients. By defini-

tion, the true partition coëfficiënt is given by:

«,_, P/mass of settleable particles

D/volume of water
(2.13)

Because of the sorption of molecules to non-settling particles one

measures another Kp, the observed partition coëfficiënt

Kpobs
P/mass of settleable particles

(D+N)/volume of water
(2.14)

where P is the mass of compound sorbed to settleable particles, D is

the mass of compound dissolved and N is the mass of compound sorbed to

NSP.

According to Gschwend & Wu (1985), the amount of NSP increases propor-

tionally with suspended matter concentration (for two sediments about

5%)* This is not surprising, considering that particle distributions

are continuous and abundancies do not coincide with arbitrarily chosen

phase separation values. At sufficient low suspended solid loadings D

greatly exceeds N and Kp o b s approaches K p
t r u e. At higher particle

loadings, D no Ionger greatly exceeds N and the observed partition

coëfficiënt is substantially lower than the true partition coëffi-

ciënt •

After combining 2.13 and 2.14, and defining

true
N/mass of NSP

D/volume of water
(2.15)
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then „ + K tru. " » °f ""« V '
volume of water/

(2.16)

Since Kp «= foc Koe and correspondingly
tnen

„
volume of vater

„.„,

Thus, since foc,NSP n*»y k* expressed as DOC

Kocobs»Xoc true (1 + Koc^sptrue.Doo-1 (2.18)

Using this ©quation, one can predict the change of Kp as a function of

suspended particle concentration. Gschwend & Wu (1985) successfully

predicted this dependence with the assumption that Koc,NSP = ^oc

The authors concluded that in predicting the behaviour of hydrophobic

contituents in the environment (transport processes, chemical activi-

ty), a third compartment, the non-settling particlee must be included.

It is likely that NSP partly consists of humic and fulvic acids with

colloidal properties. Since much of the DOC in natural waters is poly-

meric humic substance, measurements of DOC may be suitable to quantify

non-settling microparticles and/or organic macromolecules.

Voice & Weber (1985) presented an alternative model attempting to

explain the particulate matter concentration effect in the liquid/

solid partitioning. partitioning can be regarded as the thermodynamic-

ally favoured distribution of a chemical between two readily separable

homogeneous phases, in their "solute complexation model", Figure 9, it

is proposed that the liquid phase is comprised of «t least two, non-

separatable fractions. Whereas the subphases cannot be distinguished

by common analytical procedures, the solute molecules are present in

two states: f ree (CQ 1) and bound solute (CQJ)* Both f ree and bound

solute can be adsorbed onto organic matter of the «olid phase. These

independent reactions are described by linear partition coefficients.
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It leads too far to evaluate the mathematical framework of the model

, (for this, we refer to the original literature). Here, the result of

the model, an expression for the overall distribution coëfficiënt is

presented.

1/(S+1/Ki) + KxASB/(S+1/Ko)
Kp - ! = =- (2.19)
^ 1/tKiS+i) + KxA$*/(K2S+1)

See for parameterdef inition Pi gure 9. A and B are experimentally de-

fined coefficients. One of the aesumptions is that a significant part

of the organic matter in solution originates from the solid phase, but

cannot be separated by the usual techniques.

The model predicts well the observed dependence of the partition coëf-

ficiënt on the solid matter concentration (Pigure 10). From uncertain-

ty analyses, it is concluded that the influence of the coefficients A

and B (which are determined inaccurately, due to scatter in the data)

is not very large.

From their experiments and model calibration, Voice & Weber (1985)

concluded that their results have far-reaching consequences. Because

of the non-linearity of Kp, partitioning of a contaminant in the water

column is very different from the one in the sediments. Another impli-

cation is that the variability of DOC, caused by factors as trophic

state, temperature, season and watershed characteristics, will influ-

ence the partitioning of a pollutant.

2.2.5. Volatilization

The complexity of the volatilisation processes is enormous. The pre-

diction of volatilization rates under any meteorolgical or hydrologi-

cal condition is probably impossible. Besides, other processes, such

as sorption, influence these rates. The occurance of surface films,

usually believed to consist of surface active materiaIs, inpede trans-

fer processes at the air-seawater interface (MacKay, 1980)* It may

diminish turbulence and, more actively, bind compounds.
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Some model1ing efforts have been made. Three parameters are included

for each cotnpound: Henry's law constant and two empirical parameters:

the gas phase mass transfer coëfficiënt and the liquid phase mass

transfer coëfficiënt. These coefficients can be regarded as resistan-

ces against the transfer across the interface. Practically no measure-

ments are available for quantifying volatilization of the organic sub-

stances under consideration.

Microbial degradation

The majority of studies has been conducted in the context of waste

water treatment; whereas more recently more attention has been paid to

microbial kinetics at low, environmental relevant/ concentration

levels. Little is known about relative contributions of different

genera. Besides, results from laboratory investigntions are of ten

poorly correlated with field measurements (Baughman & Burns, 1980).

Carlberg (1980) gives some general trends in microbial degradation

ratee. Rates increase in the sequence n-alkanes, iso-alkanes, eyclo-

alkanes, aromates. Degradation is generally slower in sediments com-

pared with the water phase, whereas in anaerobic sediments no degra-

dation may occur at all.

Verschueren (1983) summarizes the environmental factores, which can

affect biodegradability:

1* temperature,

2. pH

3. salinity

4. dissolved oxygen

5. compound concentration

6. concentration of micro-organisms

7. availability of nutrients

8. time, and

9. microbial species

In general, it is stated that microbial activity (as well as chemical

oxidation) yield more polar compounds (with higher solubilities).
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Photolysis

Sunlight may transform Chemicals. The rate of reaction is influeneed

by the wavelength, the turbidity and sometimes the dissolved oxygen

concentration (Baughman & Burns, 1980). Photolysis may be affected by

sorption processes. It may be concluded from Mill (1980) that the rate

of photo-oxidation of organic pollutants in aquatic systems is gener-

ally email ccmpared to the water residence time in an estuary. So,

photochemical conversions may be relatively unimportant in determining

the fate of pollutants in natural waters.

Some exatnples, however, indicate, opposite to Hill (1960), that photo-

oxidation can have great conaequences (Carlberg, 1980). With photo-

oxidation of e.g. naphtalene, the solubility of the netabolite in-

creases from 32 to 740 mg.IT1 (as OC-naphthol)•

Baxter & Sutherland (1984) showed degradation of 2,4'-dichlorobiphenyl

by a pseudomonad and subsequent conversions ae a result of photochemi-

cal processes. Transformations occured rapidly. Translation to the

natural environment is hard because of two laboratorial artefacts: the

PCB concentration used in the experiment was unrealistic high and the

PCB acted as the only carbon «ource in the medium.

In a review article Payne « Philips (1985) showed that near surface

half üves for direct photochemical transformations were in the range

of minutes to several days for some PAHs. These half lives were nega-

tively correlated with molecular weight, and were detennined at 40°N

latitude in the summer season. These rates are probably decreased by

the presence of suspended material.

Sedimentation

Santschi et al. (1984) concluded from the studies in the MERL mesocosm

tanks that any chemical species which bas a partition coëfficiënt in

the order of 5-10.104 (e.g. Th, Pb* Pu, isotopes, stable pb and Cu,

and many hydrocarbons) has a 2-14 days residence time in the water

column with respect to transfer to the sediment. This residence time
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is seasonally dependent. These investigations were carried out in the

Narragansett Bay, where the water residence time is approxinately 30

days. It was estimated that 23-58% of total hydrocarbon input in the

estuary accumulated in the sediment (total input: 400-1000 tons.yr"1).

Coraplicating factors in this kind of analysis are the quantitative

contribution on the process of dredging activities and bioturbation

(resuspension, transfer of particles from anoxic to oxic layers).

jagtman (1984) correlated the micropollutant concentrations with sedi-

mentological parameters in the Wadden Sea and DoHard estuary. Both

organic carbon and the fraction smaller than 16 pm correlated we11

with the micropollutants under consideration. It is realistic to nor-

malize pollutant content with respect to organic carbon, because of

the physico-chemical binding characteristics (see 2.2.4). A great deal

of the concentration scatter in sediments may be explained by organic

carbon variations. Besides, processes such as bioturbation, resuspen-

sion and point discharges play important roles in determining the dis-

tribution of these hydrophobic substances.

Mesocosm experiments

Quite suitable for comparing the extend of these various processes

influencing the fate of organic Chemicals, is the use of mesocosms

(MERL). Santschi (1982) stated that mesocosms lie between the complex

and highly variable natural world and the tightly controlled but less

natural laboratory experiment. Some difficulties arose in the MERL

studies: wall effects, leaks, nonrepresentative sampling and lack of

turbulence.

Wakeman et al. (1982) suggest that volatilization rates of compounds

may be lower in MERL tanks compared to the natural oystenw Due to hy-

drodynamics of the water body within the tank, a stagnant boundary

layer (400-600 urn) will form, which inhibits evaporation. Another phe-

nomenon is the retardation of microbial acitivity (lag-phase) af ter

introduction of pollutants in the MERL tank. This will most eertainly

lengthen the residence time.

8

S
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U&e et al. (1982) studied the fate of three radiolabeled chemioals

. benzo(a)anthracene, 7,12-dimethylbenzo(a)anthracene, pentachlorophenol

(Figure 11). Large differences appear in the behaviour of the two,

strongly related PAH. Whereas 7,12-diraethylbenzo(a)anthracene is lar-

gely removed by photochemical processes, the most important removal

mechanism for benzo(a)anthracene is sedimentation. After a rapid ad-

sorption the compound is taken up by the sediment/ Where a slow CO2

production indicates degradation processes. As a result of the rapid

photo-oxidation, 7,12-dimethylbenzo(a)anthracene does not accumulate

to a great extend in the sediment• Besides, it appears that the meta-

bolites of the latter do not adsorp as well as those of bento(a)anth-

racene. The fate of pentachlorophenol shows resemblance with 7,12-

dimethylbenzo(a)anthracene, although the time scale is very different.

This indicates that adsorption of PCP is less ijnportant compared to

7,12-dimethylben«o(a)anthracene.

2*3. Bebavioor In eartuaries

Duinker & Hillebrand (1979) were among the first, who studied the be-

haviour of organic pollutants in estuaries. From not very convincing

evidence, they concluded that the behaviour of some organochlorines

(HCH, PCB, HCB) in the Rhine estuary was eonservative, whereas diel-

drin and endrin showed marked maxima in the low salinity range. Local

pollution could not be excluded.

Duinker & coworkers (1980, 1982a, 1982b, 1985} attempted to obtain an

estimate of the levels of metals and organochlorines in water and ses-

ton in the Wadden Sea and of the relative influence of rivers entering

this area directly. Physical mixing and physiochemical processes were

studied in four rivers: Varde A, Elbe, Weser and Ons. Front the studies

the authors concluded that no conclusions concerning physiochemical

processes affecting organochlorines could be drawn because, firstly,

the concentrations were near detection limits and secondly, concentra-

tion gradients between the investigated rivers and Hadden Sea are

small (opposite to the Rhine-Meuse estuary).
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To gather maximum Information, they extracted water and seston of 120

(or 180)L freshwater samples. It appeared that in the four estuaries

the same organic pollutants we re present (although a considerable

amount of peaks in the chromatograros have not yet been identified).

For the Elbe, Ems and Weser estuaries, the partition coefficients are

computed and can be compared (Table I)* Especially for PCB congeners,

good agreement is found. In general it is established that partiële

affinity increases with increasing number of chlorine atoxns. Other or-

ganochlorines, especially HCHs are more present in the waterphase. No

dependence on O 2 saturation could be detected; whereas the Weserend-

roember contained more O2 than the Elbe, no differences in the parti-

tion coefficients could be detected.

Recently, Duinker et al. (1984) presented the results of an investiga-

tion in the Dutch wadden Sea. For comparison reasons, and because of

the very sistilar composition of PCBs in solution they deterniined PCB,

besides pentachlorobenzene and hexachlorobenzene* According to the

authors there is no evidence for non-conservative behaviour for these

organochlorines in the 0.5-23.3°/oo salinity range.

The amount of particulate organochlorines is strongly dependent on the

grain size distribution of the seston. Two fractions are distin-

guished: firstly a permanently suspended fraction with high contents

of organochlorines (and heavy metals) and secondly, a temporarily

resuspended fraction (acting as a diluting factor). This distinction

is consistent with variations in size and/or density of the particles.

Because of the large seston content in the Wadden Sea during the samp-

ling, the effects of permanently suspended particles on the PCB con-

tent of the total suspended matter was not observed. The influence can

only be observed at low particulate matter concentrations (e.g. ««5

mg.L" 1).

pavlou & Dexter (1979) studied the distribution of tri- and penta-

chlorbiphenyls in Puget Sound (U.S.A.)» They found conservative beha-

viour in a very narrow salinity range (27-29°/oo). No extrapolation

8
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may be made for initial mixing of fresh- and seawater. Ernst £ Weber

(1978) studied the behaviour of pentachlorophenol in the Weser estu-

ary. They found a eeasonal variation, with highest concentration in

spring. Fr om tidal measurements it appeared that PCP levels were

highest at low tide.

Weber & Ernst (1983) investigated a number of organic chemicals in

three Gennan estuaries. Concentrations were negatively correlated with

aalinity. The same relation between salinity and concentratLon levels

were found within a tidal cycle.

A clear example of non-conservative behaviour is given by Helz & Hsu

(1978). In the Back River, the C-| and C2 halocarbons are removed by a

number of processes. Volatilisation is probably the most effective,

although winter ice cover minimized it. In this case chemical and bio-

logical degradation are responsible for the rejnoval process. Half-

lives are in the order of a few days in coastal waters*

Wakeham et al. (1982) studied the behaviour of volatile compounds in

the Narragansett Bay and divided thent into three groups depending on

their origin: substances supplied by river input, eubstances of natur-

al origin (e.g. alkylsulfides) and from dispersed sources with pro-

bably a significant atmospheric contribution.

Wakeham et al* (1982) concluded that the anount of total volatiles is

not simply diluted in this estuarine environment. Where salinity pre-

diets a certain organic compound concentration, it appeared that the

volatiles concentration was one-tenth of that value. Degradation, vo-

latilization, adsorption/sedimentation were proposed as the removal

mechanisms but were not individually specified.

Some important papers have been dedicated to the Tamar estuary. Read-

man et al. (1982) divided PAHs, based on their environmental beha-

viour, into two groups. The first group consisted of low nolecular

PAHs (e.g* naphtalene, phenanthrene, anthracene) and showed no signi-

ficant correlation with either salinity or suspended particles. The

second group, with larger molecular weight homologues (e.g. fluoran-

thene, pyrene), was strongly correlated with suspended particles»
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Microbial degradation was slow and occured in association with par-

ticles.

A considerable difference in residence times between group I and II is

acknowledged. Whereas members of group I have short residence times in

the estuary due to relatively high volatilisation and degradation

rates, the high particulate affinity causes sedimentation as the prin-

cipal fate for members of group XI.

In another study, Readman et al. (1984) determined the distribution of

PAHs in the Tamar sediments. In the catchnent ar Ba individual PAH

levels were low (1-50 ng(g dry sediment)"1. In the low salinity range,

however, levels increased rapidly to 30-1500 ng.g'"1. This enormous

elevation is due to the settlement and flocculation of particles, that

are rich in pollutants and susceptible to an estuarine circulation

pattern whieh leads to the occurrence of a turbidity maximum and a

fluid mud layer»

In seaward direction these levels progressively decreased as a result

of the physical mixing with marine sediments with poasible degradation

processes. Besides the decrease of total PAHs in eeaward direction,

the relative abundance of the PAHs changed systematically too. Com-

pounds with a low molecular weight decreased «t a greater rate than

the higher molecular weight homologues. The authors described this to

a preferential degradation and/or solubilization*

Readman et al. (1984) found that the PAH sorption on particulates was

not in equilibrium. The in-situ determined partition coefficients were

about two orders of magnitude higher than the empirieally derived ones

and as determined by a sorption experiment* The PAHs were enriched in

the suspended partiële phase, probably because, as suggested by the

authors, occlusion of PAH in particulates originating from combustion

processes or erosion of asphalt surfaces.

Harris et al. (1984) developed a one-dimensional model* which des-

cribed the dispersion of toxins in the Tamar estuary. Solute dynamics

were treated as an advection-diffusion process. Concerning particle

dynamics, sedimentation, resuspension as well as effects of run-off

and the tides on suspended load were included. Por the hydrocarbon be-

I

8
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haviour, several mechanisms were included: volatilization, photo-oxi-

dation and microbial degradation. It was assumed that sorption proces-

see were reversible and in-equilibriutn. Kydrocarbons with rather con-

trasting properties were used in the model: benzene with a rather high

solubility, and benzo(a)pyrene with a relatively low solubility. Long-

itudinal dispersion coefficients were determined from salt budgets.

For particle dynamics tentative results obtained by field measureuents

were needed.

Harris (1983) reported in an earlier publication an empirical relation

for the salinity-dependence of Kbw:

Kow (e) - XoW (s=0). exp (3.8 ̂ 0~2 (2.20)

where s ie the salinity (°/oo). Por example, the Kow of benzo{a)pyrene

at 8=35% is 1.5 times the value of the freshwater endmember.

Summer and winter situations were distinguished in the Harris et al,

{1984) model. Due to variations in river discharge» the flushing time

varied (highest in summer) as well as the position of the turbidity

maximum and the steepness of the salinity gradiënt. The volatilization

was described with an experimental equation (e.g. dependent on current

speed, wind speed, Henry's law constant) as the rate of volatilization

per day. The photolysis is treated the same way, taking annual varia-

tions in light intension into account* Due to the lack of reliable

data, the authors did not consider microbial degradation.

In Table II the results of the model are presented. The two extremes,

benzene and benzo(a)anthracene, show a marked different behaviour due

to relative importance of volatilization and photolysis* The authors

noted, however, that no temperature effects were taken into account;

this may alter the diagram*

Hermann 6 Thomas (1984) discussed the behaviour of some PAHs, PCBs and

organochlorine pesticides in the Exe, an English estuary. They per-

formed a statistical analysis of micropollutant concentration in the

estuary. No clear cohclusions were made. It was stated that all PAHs

behaved similar, just like the PCBs and a third group was formed by
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the pesticides HCH,y-HCH (lindane) and HCB. Mechanisms for the regio- ; •

nal distribution were sedimentation, resuspension and oixing of flu-

vial with marine sediments. The distribution patterns were dominated ; •

I
I

by multiple local inputs.

In the Narragansett Bay, Pruell & Quinn (1985) estim«ted PAH half-dis-

tances in sediments, i.e. the distances at which the concentration of

a compound is decreased to one-half of its initial value in a downbay

direction. The half-distances were similar for all investigated PAHs

(2-5 rings), in spite of essential differences in physicochemical pro-

perties (e.g. Kow). The half-distance for TOC was almost twice as

high. One explanation is, according to the authors, a local input of

organic material or in-situ production. This material must obviously

have other binding properties.

2.4. The scheldt Etuary

Little work has been done on organic micropollutants in the Scheldt

estuary. So f ar, some separate sampling has taken place, while as a

result of the Dutch monitoring program, organic micropollutants are m

analyzed on a monthly basis at the Dutch/Belgian border (Schaar van g[

Ouden Doel)•

Van de Kooy (1984) compared the eoncentrations in surf ace waters of •

the SW-Netherlands. No specifications for analytical procedures were

presented, as sample size and whether the samples were filtered or ft

not. ™

One of the conclusions is that the Scheldt estuary is among the more

seriously polluted water systems, together with the canal Ghent-Ter-

neuzen, which discharges in the higher salinity range of the Western

Scheldt.

Table III shows some results. For organic constituents other than

PAHs and PCBs, only the number of significant observations in the •

samples in stead of eoncentrations are given. At Schaar van Ouden

Doel, DDT and its derivates, dieldrin, HCH-isomers and HCB were detec- I

ted in 1982-83. "

I
I
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Table III. Average PAH and PCB concentrations in the Western Scheldt

at the Dutch/Belgian border.

PAH (n=6)
PCB (n>*6)

170 nglT1

11 ngL-1

aource: Van de Kooy (1984)

Only very recently, Salomons 6 Kerdijk (1985) presented an outline of

processes, involved with pollutants uptake by «ediments. Because of

the dependence of the partition coëfficiënt on the organic matter con-

centration of the sediment, they normalized PAH and PCB concentrations

to organic carbon.

Front Figure 12 it can be concluded that PAH and PCB concentrations

decrease in seaward direction* The physical mixing between terrestrial

and marine sediment particles is mainly responsible for this obaerva-

tion. No stable isotope measurements are presented, thus it is impos-

sible to indicate whether conservative behaviour occurs.

Duinker & Boon (1985) presented a compilation of distribution coeffi-

cients (Kp) for some Dutch and German rivers (see section 2.3) and the

North Sea.

PCB congeners were treated individually. Results are presented in

Table IV. It appears that Kp increases with increased chlorination. in

spite of major differences in concentration and nature of suspended

tnaterial, Kp values are very similar for the different rivers.
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A surface area (A2) (eq. 2.2)

A experimental coëfficiënt (eq. 2.19) I

B experimental coëfficiënt (eq. 2.19)

C concentration (mg.L~1) •

Coctanol concentration of compound in Octanol (mg.L"'')

Cwater concentration of compound in water (mg.L~1) •

co»cL dissolved concentration (ug.IT1)

Co-| free dissolved concentration (ug.L"1) (Fig. 9) m

CO2 bound dissolved concentration (pg.IT1)(Fig. 9) •

Cg particulate concentration (pg.g~1) m

Cs molar salt concentration (mole.LT1) (eq. 2.1) p

D mass of dissolved compound (pg)(eq. 2.14)

f o c fractional mass of particulate organic carbon

I ionic strength (mole.L"1)

K constant (L.g**1) (eq. 2.8)

KH partition coëfficiënt of the parent molecule (eq. 2.4)

Kp partition coëfficiënt (L.g-1)

partition coëfficiënt eoncerning the non-settleable

particles

(L.g"1)

normalized partition coëfficiënt (L.gC"1)

K Q W octanol-water partition coëfficiënt

Ks Setchenow constant (L.mole""1) (eq. 2.1)

Kx partition coëfficiënt of the derative of the parent molecule

(eq. 2.4)

Kx binding coëfficiënt (eq. 2*19)

K1 partition coëfficiënt of free compound (L.cf~^)(eq. 2.19)

K2 partition coëfficiënt of bound compound (L.g~1)(eq. 2.19)

M molecular weight

N mass of compound sorbed to non-settleable particles (ug)(eq.

2.U>

n constant (eq. 2.8)
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P mass of compound sorbed to settleable particles (ug)(eq.

m . 2.14)

P S eolubility (mg.L-1)

S solids concentration (mg.L-1)(eq. 2.19)

• s salinity (°/oo)

Si solubility of compound in distilled water (mg.L"1)(eq. 2*1)

M Sj. solubility of compound in ealt water (mg.L~1)<eq. 2.1)

constant (L.mole~1.X~2)(eq. 2*2)

logarithm of partition coëfficiënt of functional group x
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