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1. Introduction

Until now, little research has been done on the behaviour of heavy metal inputs in
sewer systems. The aim of the present study is to map out the extent and nature of
the available knowledge according to mainly Dutch literature from the last two
decades on the behaviour and fate of the metals zinc, copper and lead entering
sewer systems.

More specific the goals of the study are:

To provide an inventory of the data that are needed to draw up a heavy metal bal-
ance of separated and mixed sewer systems in the Netherlands, to check to what
extent such information is available for the Dutch situation, and to formulate a re-
search plan according to the data gaps.

Since in the Netherlands almost all urban waste water is collected in sewer sys-
tems, urban metal flux to surface waters is also routed via sewer systems. This fact
underlines the importance of a good understanding of processes in sewer systems
in relation to urban metal fluxes into surface waters.

The starting point of the study is a qualitative description of processes that influ-
ence metal mass balances in sewer systems.

Secondly, the study evaluates the available literature dedicated to the processes de-
scribed. This evaluation concentrates on whether the information allows any degree
of quantification of the process involved.

Thirdly, a linear regression analysis is carried out of the zinc mass balances of
about 400 Dutch wastewater treatment plants. Tentative statistical conclusions are
drawn about source strengths and the importance of regional influences.

Finally, conclusions are drawn about the possible overall importance of the
processes in quantitative respect.
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2. General description of types of sewer systems

In the Netherlands 4 different types of sewer systems are in use nowadays: mixed
sewers (including improved mixed), separated, improved separated and pressurized
sewers. The total pipe length by type of sewer is given in the table below.

Table 2.1 Sewer systems in the Netherlands (2002), total pipe length (km).

Type of Sewer Length of pipe
Mixed 46,702
Separated 9,967
Improved separated 15,962
Pressurised 13,822

Ref: [1]

In the next sections a description is given of the different systems.

2.1 Mixed sewer system

The mixed sewer system is the most common system in the Netherlands. In the end
of the nineties of last century 75 percent of sewer systems still were of the mixed
type [2]. In mixed sewer systems residential and industrial wastewater is trans-
ported to the wastewater treatment plant together with atmospheric precipitation.
Simplicity and low connection costs (about € 2,800.-- per house connected, [3]) are
the main advantages [4] of this type of sewer systems.

One disadvantage are that the surface water is (unnecessarily) loaded with organic
matter, heavy metals, PAH (Polycyclic Aromatic Hydrocarbons) due to overflow
during heavy rainfall. Furthermore, the WWTP have a high wastewater load [4].
One disadvantage is that there is an overflow to the surface water of substances
such as organic matter, heavy metals, and PAH. Furthermore, the WWTP have
high wastewater loads during storms, which causes a temporary drop in the re-
moval efficiency regarding pollutants.

2.2 Improved mixed sewer system

This system resembles the first, except for the fact that overflow sites are equipped

with storm water retention basins. The basins are emptied back into the sewer when
the hydrological capacity has turned back to normal. This system reduces overflow

by a certain rate, depending on the capacity of the retention basins.
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2.3 Separated sewer system

The separated sewer system redirects atmospheric precipitation water to a second,
separate rainwater sewage pipe. So the WWTP can be dimensioned smaller and no
overflows occur in the ‘dirty water’ system [4]. Costs are about € 3,600.-- per
house connected [3].

However, according to CUWVO [5] the environmental load of surface water in a
separated sewer system is about the same as it is in a mixed sewer system. This is
caused by the contamination of atmospheric run-off with several pollutants.

24 Improved separated sewer system

In this type of sewer system, the rainwater normally runs into the wastewater sewer
and is discharged to surface water during severe rainfall only. This results in lower
emissions to surface waters [4]. A connection costs about € 4,100.-- per house con-
nected [3]. The positive effect is limited, since in this situation only 20-30% of the
rainwater is actually discharged to surface water [3], [2].

All newly built residential areas in the Netherlands have (improved) separated
sewer systems. Also, existing sewer systems are gradually being turned into sepa-
rate systems.
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Figure 2.1  Overview of the mixed sewer system.
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3. Description of Processes and Mass Balance

In this chapter the mass balance of sewer systems is discussed in general terms.
The complete mass balance can be described by a limited number of processes
which occur in sewer systems.

3.1 Mass balance and general processes in sewers
Figure 3.1 presents a cross-section of a single sewer duct. This single sewer duct

however can also represent all combined sewer systems of the Netherlands. The ar-
rows show the fundamental processes in relation to the overall mass balance.

Sewer Cleaning

Precipitation water | | Waste water | A

S =P | Output to WWTP
e Stormoverflow
Leakage IN f= + = « = - \ fe - = — - » Leakage OUT

Deposit storage Biofilm

Figure 3.1  Fundamental processes in mixed sewer systems.
Using Figure 3.1 a mass balance equation can be constructed from mixed sewer
systems by putting the processes in the general formula:

OUTPUT = INPUT - ACCUMULATION

Using figure 3.1 and the general formula a table (table 3.1) can be constructed
wherein the various processes are categorized under the three items of the formula.
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Table 3.1 Mass balance of a mixed sewer segment.
OUTPUT = INPUT - ACCUMULATION
Output to WWTP? Waste water Deposit storage (Cesspit-sludge)
Combined sewer overflow Deposition/Precipitation Biofilm
Sewer Cleaning Leakage IN
Leakage OUT

7 WWTP = Waste water treatment plant.

In the following paragraphs we will discuss the nature and the state of the
knowledge of the individual processes listed in Table 3.1.

3.2 Output of metals from sewer systems

3.2.1 Output of metals to WWTP

In the Netherlands, the output of metals from sewers to urban wastewater treatment
plants (WWTP) is measured on a regular basis for each individual plant. The re-
sults of the measurements are annually collected by the Statistics Netherlands
(CBS) and transferred to the national emission inventory. The total mass of influx
is estimated by adding metals in sludge and metals in effluents [6]. Although fig-
ures of individual plants fluctuate from year to year, the total influx on a national
scale can be considered to be fairly accurate as in principle all WWTP are moni-
tored every year. The annual national accuracy of the most important metals (zinc,
copper, lead) is here estimated to be better than + 10 per cent.

The tables below show the results of the CBS questionnaire sent to owners of
WWTP.

The variability between years is clearly visible. Except for the emissions trends that
are downward generally, the cause of the variability is often attributed to differ-
ences in weather characteristics between years. The amount of precipitation is an
especially important factor.

Table 3.2 Annual supply (influent) of heavy metals to WWTP in the Netherlands (tons).

Year Copper Chromium Zinc Lead Cadmium Nickel Mercury Arsenic
1995 189 32 451 81 1.5 31 0.7 5.6
1996 152 22 405 52 1.6 30 0.6 4.6
1997 157 17 368 47 0.8 26 0.5 5.4
1998 166 21 445 59 1 30 0.5 6.9
1999 166 21 463 56 1 31 0.5 6
2000 150 20 388 51 0.9 24 0.5 5.7

Ref: [7]
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Table 3.3 Annual removal of heavy metals in sludge from WWTP in the Netherlands
(tons).

Year Copper Chromium Zinc Lead Cadmium Nickel Mercury Arsenic
1995 140 19 341 63 0.7 11 0.5 28
1996 140 19 317 52 0.6 11 0.5 25
1997 135 17 300 48 0.6 12 0.5 2.6
1998 136 18 330 54 0.6 13 0.5 3.9
1999 147 20 355 57 0.6 14 0.5 3.9
2000 131 17 319 51 0.5 11 0.4 3

Ref: [7]

Table 3.4 Annual effluents of heavy metals from WWTP in the Netherlands (tons).
Year Copper Chromium Zinc Lead Cadmium Nickel Mercury Arsenic
1995 23 6.8 124 10.5 0.4 13.4 0.2 26
1996 18 54 109 8.3 04 14.2 0.2 2.2
1997 22 5.3 93 9.6 0.3 16.1 0.1 25
1998 20 6.1 123 8.1 0.3 14.3 0.1 3.2
1999 20 6.5 114 8.6 0.4 16.3 0.2 3
2000 18 54 106 9.2 04 12.5 0.1 2.8

Ref: [7]

It is unknown whether these annual fluctuations are mainly attributable to differ-
ences in influx into sewers systems or are also caused by the metals which are al-
ready stored in deposits in sewer systems. A robust answer on this question could
be useful for the development of new strategies for the diminishing of emissions
from effluents and combined sewer overflows. In paragraph 3.3.1 some conclu-

sions from research in France are presented.

3.2.2

Combined Sewer Overflows

Generally metal fluxes of combined sewer overflows (CSO) directly to surface wa-
ter are nowadays recognized as an important emission source with respect to local
water quality. In 1998, for instance, the official estimate of total zinc flux to sur-
face water by combined sewer overflows in the Netherlands was 16 tons, compara-

ble to 123 tons of zinc in WWTP effluents.

The accuracy of the metal flux estimate by the combined sewer overflows, how-
ever, is considered to be very low. This is also recognized by the RIZA experts. For
this reason, a project was started to improve the emission estimation protocol for

CSO [8].

The current figures are based on research in the 1980s called NWRW [9]. In this
research it was found that the hydrological flux of water transferred to surface wa-
ter was between 30 mm/year and 485 mm/year, depending on the particular sewer
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system investigated. The average amount was 177 mm/year. This can be compared
to an average precipitation of 800 mm/year in the Netherlands.

In the PROMISE model [10] used by RIZA to estimate the metal flux of combined
sewers, a theoretical distinction is made between Dry Weather Flux (DWF) and
Rain Weather Flux (RWF). In the model it is assumed that all emission processes
are closely related to one of the two fluxes. For instance, organic load of private
households is considered to be related to DWF while zinc emissions of building
materials are considered to be closely related to RWF. The rationale behind this
distinction is that the CSO are only active for 1 per cent of the time while emis-
sions of private households are continuous. Consequently, according to the
PROMISE model, 1 per cent of the residential emissions is considered to be trans-
ferred to surface waters by CSO. On the other hand, the emission of zinc to surface
water is considered to be related to the total amount of rainwater (RWF) that is
transferred to surface water by Combined Sewer Overflows which is assumed to be
22 per cent — the later figure being exactly 177 mm/800 mm as established in the
NWRW research program.

The amount of water transferred by the CSO to surface water however has a very
wide range, i.e. approximately one order of magnitude. The amount of water is
probably not the most important parameter for flux of metals [11]. The amount of
organic material that is transferred could be just as important or more important,
since the major part of the metals is probably bound to organic material (once in
the sewer system, 60-95% of the heavy metal amount is present in the suspended
sludge [4], [12]) and the metals concentration in solution is probably relatively low
during heavy rainfall when CSO become active.

The area of hard surface [11] is advised as the most useful parameter to estimate
the amount of organic load transferred.

However according to several authors, cited by [13], runoff probably is not the
most important source of storm water pollutant loads. Deposits in sewers are found
to play an important role not only during storm events but even on an annual time
scale.

This would imply that intermittent cleaning of sewers is a possible option for re-
duction of emissions of CSO as is demonstrated in a French investigation [24].
This option is, as far as known by us, until now not discussed in studies in the
Netherlands.

The accuracy of the national totals of metal fluxes via the CSO is rather difficult to
estimate because there are multiple quantitative unknown factors involved. We try
to estimate upper and lower limits here.

Assuming that the amount of cesspit sludge' removed via CSO is equal to the
amount of cesspit sludge removed by sewer cleaning (about 100,000 tons con-
taining 300 mg/kg), the amount of zinc would be about 30 tons which is in the
same order of magnitude as the 16 tons estimated by RIZA in the National

' Cesspit sludge is the material that is deposited in cesspits in order to assure easy

flow of waste water through the sewer systems.
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Emission Inventory. Since there are 15,000 Combined Sewer Overflows [1] in the
Netherlands, this would imply that on the average about 6 tons of sludge (dry mat-
ter) could be emitted to surface water via each Combined Sewer Overflows. Re-
garding the state and the relative small surface of the receiving surface waters of
CSO the calculated inputs seem to be rather high. The lower range of the emissions
by CSO would be about 5 tons zinc, assuming 1 per cent (equal to estimated Dry
Weather Flux) of the total output of zinc to WWTP.

Based on the upper and lower limits explained before the conclusion can be that the
emissions of zinc by CSO is 16 tons + 50 per cent.

3.23 Sewer Cleaning

The denominator ‘sewage sludge’ is used here to discriminate the sludge in the
sewer from wastewater treatment sludge (WWTP sludge).

Cesspit sludge and sewage sludge are usually considered to be one stream because
of their similar treatment. Both are collected by the sanitation department of local
authorities. Sanitation waste (WWTP-sludge) amounted to 984 kilotons in 1999;
the contribution of sewage and cesspit waste is 94 kilotons [14].

From a national point of view on fluxes of metals to surface water, cesspit sludge is
not interesting because practically all sludge that is separated from sand is trans-
ferred to WWTP. This fact implies that in the national statistics of metals the
amount leaving sewers via cesspit sludge is already contained in figures about
metal output to WWTP.

3.24 Leakage Out

Some small-scale studies are known about leakage from sewer systems [4] [15].
These studies indicate that leakages of sewer systems have generally only a very
local impact on soil quality just beneath leaking sewer pipes as a consequence of
sludge drag-out.

Leakage was shown to occur only in sewer pipes installed before 1960 because
technical improvements in pipe junctions dated later proved to be effective against
leaking [14].

Taking into account that most residents live in the lower part of the country where
leaking out of the sewers is not likely because of high groundwater levels.

This circumstance combined with the fact that more than 80 per cent of the sewer
systems are build after 1960 [1] or have been renovated, it can be argued that
‘leaking out’ probably is not a very important phenomenon from the viewpoint of
the total metal mass balance of sewers.

During removal of old sewer pipes, the surrounding soil is removed (so-called ‘slit
soil’). This is a mixture of gravel, sand, clay and sewage sludge, which is released
at an estimated annual rate of about one million m* (based on 2% sewer pipe
replacement) [4]. No data are available on the fraction of leaked sludge removed
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placement) [4]. No data are available on the fraction of leaked sludge removed via
this route.

So far, there are no data as to a possible substantial impact on national mass bal-

ances of metals.

From the linear regression analysis (see paragraph 2.2.2) of input and output of
WWTP, there seems to be a possibility that leakage of sewer systems may occur
when chemical factories are connected. This conclusion is based only on prelimi-
nary statistical evidence. Confirmation by physical examination in selected cases is
necessary.

3.2.5

Rainwater sewers

Rainwater sewers collect the storm water and urban run-off in case of a separated
sewer system. In the Netherlands the area of impervious surface that is drained by
pure rainwater sewers is about 61.000 hectares [16]. Based on figures in table 2.1 it
is estimated that about 38.000 hectares is improved separated sewers and about

23.000 hectares is separated.

An estimation of emissions related to discharges of (not improved) rainwater
sewers is given in table 3.7 together with official national emission estimates.

Table 3.7 Emissions calculation of separated sewers compared to official data
Substance | Emission Emission Dimension Volume Dimension Emission Emission
Source category Factor (tonlyr) (tonlyr)
[17] [1], [16] Calculated [18]
Atmospheric 10 g/ha.yr 23,000 ha 0.23 0.35
deposition (total)
Copper Road traffic 0.3 g/house.yr 613,000 houses 0.18 0.03
Building materials n.a. n.a
Total 0.4 0.4
Atmospheric 95 g/ha.yr 23,000 ha 2.2 1.7
deposition (total)
Lead Road traffic 0.12 g/house.yr 613,000 houses 0.07
131
Building materials 4.5 g/house.yr 613,000 houses 2.8
Total 5.0 14.8
Atmospheric 200 g/ha.yr 23,000 ha 4.6 15
deposition (total)
Zine Road traffic 8.6 g/house.yr 613,000 houses 53
32
Building materials 13 g/house.yr 613,000 houses 8.0
Total 17.8 33.5
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From table 3.7 is concluded that rainwater sewers (not improved) can be a substan-
tial emission (local) source of metals to surface waters. Depending on basic as-
sumptions estimated emission amounts of emissions can differ by a factor of two
but the order of magnitude seems to be correct.

Official figures from the National Emission Inventory about zinc and lead from
rainwater sewers could be too high as a consequence of overestimation of the con-
tribution of building materials based on outdated figures.

The emission of metals from rain water sewers on a national scale is comparable or
greater than the emission of metals by CSO from mixed sewers. The total area cov-
ered by rain water sewers however is considerable less than that of all mixed sew-
ers. This could imply that local impact of rainwater sewers on concentrations of
heavy metals in urban water is important. Seen in this light it is somewhat surpris-
ing that attention of national water policy towards sewer systems is mainly directed
to the abatement of emissions from CSO by improving mixed sewer systems and
redirecting rainwater of hard surfaces to infiltration systems.

Influence of fault connections of separated sewers

In the normal situation rainwater sewers are discharging directly to surface waters
and are not connected to sewers that are connected with WWTP. However in a
very limited number of cases of fault connections rainwater sewers may discharge
on WWTP. As long as the percentage of fault connections of rain water sewers
stays under 10 percent no extra discharges of CSO may be expected [19]. It is ex-
pected that this is the situation in virtual all cases.

However a small percentage of fault connections of the polluted (dry weather) wa-
ter stream of (not improved) separated sewer systems may in rare cases cause seri-
ous local water pollution [20].

3.3 Input of sewer systems

In contrast to output, the input of sewer systems (the sum of all indirect emissions)
is much more difficult to establish. The main reason for this is that the emission
sources are very numerous and emission estimation is a complex procedure. Of
course, a large quantity of data is collected on an regular basis within the National

Emission Inventory. Nevertheless, scientific verification of emission data remains
difficult.

3.3.1 Waste water including urban run-off and atmospheric deposition
The input of sewer systems comprises two main flux categories:

—  Urban waste water
— Industrial waste water
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Urban waste water contains three major source categories:

— Waste water from private households

— Atmospheric precipitation containing material from diffuse sources

—  Atmospheric deposition

Industrial waste water comes from a wide variety of industrial activities. Two fun-
damental methods of assessment are in use:

— Periodic measurements, also used for imposing environmental fees

— Estimation based on production and emission factors

The present report makes a first attempt at scientific verification (see Appendix 1
for details) of zinc emissions to sewer systems, on the basis of the emission data
that are available in the Dutch emission inventory.

A linear regression analysis was performed on the measured output of zinc of 393
individual WWTP and the emission according to the National Emission Inventory.
Emission data of the National Emission Inventory [21] were clustered in three in-
dependent categories of source allocation methods and emission assessment
methods. This kind of input/output analysis is possible in the Netherlands thanks to
the fact that the emission inventory includes a GIS-system that connects all indi-
vidual WWTP to individual sewer areas. As a consequence indirect emissions in
the emission inventory are directly connected to these particular sewer areas.

The three main emission categories discerned in the regression analysis were:

— residential emissions (including diffuse sources)

— measured industrial emissions

— estimated emissions of small and medium-sized businesses.

Table 3.8 Results of multiple linear regression analysis, zinc output as a _function of input categories
of WWTP, N = 393.
Source category Coeffi- Standard t Stat P-value Lower Upper
cients Error 95% 95%
Residential emissions 1.33 0.04 35.33 0.0000 1.25 1.40
Industrial (measured) 2.05 0.30 6.91 0.0000 1.47 2.64
S/m businesses (estimated) 247 0.58 4.23 0.0000 1.32 3.62

The results of the statistical analysis show a very high degree of correlation
(R>=0.90) between calculated input (sum of indirect emissions) and measured out-
put (sum of influents) for the 393 individual WWTP.

This is also demonstrated in the figure below. However, from the slope of the
figure 3.2 it can be concluded that about 40 per cent of the emissions of zinc in the
year 2000 are missing in the current emission inventory. The results of the multiple
linear regression analysis give estimations about the coefficients that could be cho-
sen to correct the emission figures. The results of the regression analysis show a
very high degree of statistical significance. In agreement with this high degree of
statistical significance, the given confidence intervals are not very broad.
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Zinc Input vs Output of WWTP

N=393
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Figure 3.2 Relation between output of WWTP and estimated input.
Using the results from the linear regression analysis, a best fit for the emissions can
be derived. This is shown in the table below.

Table 3.9 Suggested adjustments to national emission inventory of zinc based on multi-
ple linear regression analysis.

Source category Emission Coefficients Estimated Difference
Inventory (ton) Emission (ton) (ton)
Residential emissions 292.0 1.33 388.4 96.4
Industrial (measured) 13.9 2.05 28.5 14.6
S/m businesses (estimated) 17.0 2.47 42.0 25.0
Total 3229 458.9 136.0

There is one known physical explanation for correcting residential emissions. At-
mospheric deposition was not included in the results of the inventory. According to
a recent investigation [16], the amount of zinc from atmospheric deposition enter-
ing WWTP via sewers is estimated to be about 32 tons. This means that about 100
tons of zinc is still missing in the national emission inventory. The linear regression
analysis suggests that about 40% of this may be of industrial origin and the rest
would be related to residential emissions. Most likely candidates of emission
sources in the residential range are the major sources of zinc related to residents:
car tire wear, human excreta and zinc metal corrosion. The deviation is not neces-
sarily caused by a miscalculation of primary emissions. Even a very small devia-
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tion of (weather-dependent) run-off coefficients could also be a plausible explana-
tion for slightly underestimating average emissions to sewers.

Although the outcome of the National Emission Inventory correlates well with the
measurements of individual WWTP, it is interesting to investigate the possibility of
systematic deviations.

First, a histogram is made to see what the frequency distribution of residues looks
like.

Frequency distribution
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Relative deviation
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Figure 3.3 Frequency distribution of relative deviation of measured vs. modelled input
of zinc to WWTP.

Figure 3.3 shows that emissions are generally underestimated but that there are a
number of relatively high overestimations of emissions. The precise nature of these
overestimations is not clear. Probably, most deviations have a local cause that can-
not be investigated without considering local factors of importance (for instance
geographical detailed storm data from the year of interest).

The possibility that a number of sewer systems emissions that enter sewers do not
end up in the WWTP may not be excluded as a possible cause of the latter phe-
nomenon.

In this report we conclude with a map of sewer systems in the Netherlands and it
shows the related under- and overestimation of zinc emissions to WWTP.
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Figure 3.4  Geographical distribution of difference measured/modelled zinc input in
WWTP.

From the map it is concluded that under- and overestimations seem to be strongly
geographically clustered but a single, simple explanation does not offer itself. So
an extended investigation is necessary to reveal the cause of the regional distribu-
tion of under- and overestimation.
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General conclusions about input of WWTP

— Opverall national level zinc emissions to sewers (WWTP) are quite well under-
stood.

— Underestimation can probably be attributed to industrial sources (40%) and ur-
ban run-off coefficients (60%).

— On alocal scale, deviation of average emission factors and unknown processes
may be of greater importance.

3.3.2 In-leaking

Systematic knowledge or data about groundwater leaking into sewer systems is not
available.

In Amsterdam, groundwater levels near sewer pipes are monitored systemically in
order to prevent leaking of groundwater into sewers [22]. Drops in groundwater
levels are considered to be a signal of possible damage to sewer pipes. When sub-
stantial leaking is found to occur, preventive actions are carried out. It is unknown
whether other cities in the Netherlands with high groundwater levels have compa-
rable methods for preventing groundwater from leaking into sewer systems.

On a national level, an analysis could be made in which groundwater levels are re-
lated to the wastewater volume of individual WWTP.

34 Accumulation in sewer systems

34.1 Deposit storage

As sewer pipes can function for more than fifty years [1], a simple mass-balance
point of view can easily prove that over a long time period of many years deposit
storage cannot be a very important net sink of heavy metals in sewers. However,
for shorter periods and in the case of a new and clean system, a substantial fraction
of metal emissions can remain trapped in sewer systems.

The removal of cesspit sludge is essential for the hydrological functioning of sewer
systems. Therefore it can be argued that the deposit storage of sludge in sewers
must be far less than the total amount of sludge removed. The amount of metals in
cesspit sludge in the Netherlands is in the range of 10 per cent of the annual total of
sludge from WWTP.

Nevertheless the total mass of deposits in sewers probably is probably larger than
the amount of cesspit and sewage sludge that is removed by sewer cleaning. Com-
bining data from total pipe length (73,000 km free flow sewers) in the Netherlands
and amount of deposits measured in a sewer pipe (only 1 study in France) delivers
an order of magnitude for different types of deposits.
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Table 3.5 Sewer deposits and estimated total mass storage.

Type of deposit Mass (ton/km) Total (kton)
Ref. [24]

Deposit <400 um 54 3942

Deposit <80 um 8.9 650

Organic Mass 0.014 - 0.047 1-34

Flushable Mass 0.10 7.3

(1 flush, average of 10)

In table 3.5 can easily been seen that the total mass amount of deposits in the sewer
systems could be considerable. However the greater part of the mass stored is
probably rather inert and consists for the greater part of sand (< 400 um) and clay
(< 80 pm) fractions. A relative small amount of the mass of deposits consists of or-
ganic material while a greater amount consists of easy flushable materials.

Sewage sludge composition can show large variations, depending on the nature of
the connections and the type of area connected to the sewer system. Results of
heavy metal analysis are showed in the table below (see Table 3.6).

Table 3.6 Examples of heavy metal concentrations in sewage sludge matrices.
Substance Concentration Concentration Concentration Concentration Concentration
Metal,/SSs Metal,/SSs Metaly/SSs Metal,/SSs Metal,/SS;

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Ref. [23] Ref. [24] Ref. [24] Ref. [24] Ref. [24]

City, year Hamburg Marseille,2002 Paris,1999 Paris,1999 Various

Medium Sewage sludge  Particles 1% flush ~ Sand deposits Organic layer Storm water

(400 pm)

Lead 267 208 400-1870-10000 197-214-335 33-294

Cadmium 4

Zinc 298 1170 570-2461-4047 970-1270-1550 1136-1800

Mercury 9.2

Chromium 24.5

Nickel 19

Copper 104

Metal,/SS.= metals adsorbed on particles in solution

Regarding the data in table 3.6 heavy metal concentrations are in the same order as
concentrations found in sewage sludge.

Assuming an average metal content equal to sewage sludge, the total amount of
metals in sewer deposits could be equal to the metal content of sewage sludge pro-
ductions from 4 years of all WWTP in the Netherlands.
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However little is known about the amounts stored and the behaviour of storage de-
posits through the course of years it is rather likely that sewer deposits act as a big
metal buffering storage with variable buffer capacity and variable flushing ability.
The buffer capacity might be varying due to flushing during storm events. Very lit-
tle experimental knowledge however is available about the functioning of such
buffering capacity on different time scales (days, months, years). This understand-
ing would also be helpful in a more profound approach of sewer emissions.

3.4.2 Biofilm

Biofilm grows on the interface of water and air against the walls of sewer tubes.
Biofilm represents only very small mass fraction of sewers which is relative persis-
tent relative to other deposits as the gross bed sediment and the organic layer [26].
As the composition of biofilm reflects the composition of dry weather pollution it
can be used as a tracer of emission sources of several specific hydrocarbons and in
some cases also of metals [26], [25].
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4. Evaluation and Subjects for Study

4.1 General Conclusion

Surprisingly little information of fundamental processes and behaviour of metals in
sewer systems is found in the Netherlands literature of water quality management.
This observation is in contrast with numerous studies about the development of en-
vironmental policies towards the collection and treatment of urban waste water in
the Netherlands. Therefore it seems that the utilization of more fundamental
knowledge in the future possibly could deliver a wider spectrum of more cost-
effective approaches in environmental protection against discharges of urban waste
water. Considering the increasing intensity of storms as a consequence of climate
change this research need probably becomes more urgent in the near future.
Although not thorough investigated in this study it shows that foreign literature
gives a more profound perspective on internal processes in sewer systems. Possi-
bly foreign literature could be used as a source of inspiration of research to be done
in the Netherlands.

4.2 Subjects for study

Table 4.1 shows an evaluation of the available knowledge, as well as an evaluation
of the importance of quantification and the ability to quantify, and the quality of
current knowledge. This evaluation is based on the information given in chapter 3
of this report.

Table 4.1 Status of current knowledge of sewer mass balance processes with respect to
metal fluxes.

OUTPUT Importance Quantified Quality Research need
Output to WWTP Very high Yes Good Low
Combined sewer overflow High Yes Low High
Rainwater sewers High Yes Low High
Sewer cleaning Low Yes Low Low
Leakage OUT Low No n.a. Low
INPUT Importance Quantified Quality
Waste water Very high Yes High to Medium Medium
Deposition/precipitation High Yes Medium Medium
Leakage IN Unknown No n.a. Unknown
ACCUMULATION Importance Quantified Quality
Deposit storage High No n.a. High
Biofilm Low No n.a. Low
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If the overall importance of a process is medium to high — or unknown — and in-
formation is either unavailable, scarce or of poor quality, it is important to upgrade
the knowledge of that process.

From this perspective, it can be concluded that it is desirable to improve the
knowledge and the data available on Combined Sewer Overflows and Rain water
sewers and the role of Deposit storage by means of further research. A project is
ongoing for the Combined Sewer Overflows. Depending of the outcome it will be
advisable to continue the research on this subject.

Leaking-in while still unclear deserves some attention and leaking out probably
does, too.

Verification of emissions by linear regression analysis has shown that improvement
of the emission inventory methodology for zinc is possible, especially with respect
to industrial emissions. On a national scale, the knowledge of residential emissions,
including most diffuse sources, seems to be quite well understood. However, in
many cases the results of the models on a local scale still deviate from the meas-
urements. It is advisable to prepare similar countrywide studies of mass balances
over all individual WWTP on other metals like copper and lead and also for phos-
phate in order to get a more knowledge about the causes of uncertainties of emis-
sions.

Probably these findings could be further investigated in a combined project, to-
gether with the physical explanations for the big differences in the local zinc bal-
ances of WWTP, as these show an unexplained high degree of regional clustering
across the country. Such a project could also be used to assist local water boards in
the improvement of many local emission assessments which are currently in prepa-
ration.
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Appendix 2  Zandrecycling Nederland

Zandrecycling Nederland CV is the largest cesspit and sewage sludge treatment or-
ganization in the Netherlands; it is a joint venture of Van der Valk + De Groot,
Boskalis-Dolman and AVR-government. Several plants are in use, at which the
material is stored and treated [27]. Furthermore, a number of mobile installations
with a limited capacity are in use [28], [29]. The produced ‘clean’ sand can be re-
used in conformity with the Dutch Building Material guideline (Bouwstoffen-
besluit).

Table A.1 Locations of Zandrecycling Nederland.

Location Function Administration
Wolvega ZRNN
Schiedam Extractive cleaning, storage Boskalis-Dolman
Production of sand and secondary raw materials
Waalwijk AVR
Brunssum Storage, sampling, production of sand and sec- Afvalzorg / ZRN
ondary raw materials
Vlissingen
Zevenaar
Leeuwarden Mobile mineral waste cleaning installation BVNN/Boskalis
Dolman
Groningen Mobile mineral waste cleaning installation BVNN/Boskalis
Dolman
Assendelft Storage and treatment installation Afvalzorg
Heiloo Storage and treatment installation G.P. Groot
Almere
Alkmaar Landfill G.P. Groot

Mobile mineral waste cleaning installation

The sand cleaning technique is based on a hydrocyclone [28]. The material is
brought in suspension under high pressure, and the sand is captured by a sieve. The
coarse fraction (stones, plastic, fabric, cans, iron, etc.) is rinsed, de-watered and
removed as waste. The slurry can either be added to the influent of a wastewater
treatment plant or concentrated in a separate mobile installation [28].
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Appendix3  Treatment of Sludge

Table A.2 shows the destination of cesspit and sewage sludges in 1999 [30].

Table A.2  Destination of cesspit and sewage sludges (1999).

Destination/treatment Amount (kton)
Total amount 94
Landfill 24
Incineration -
Composting 1
Separation afterwards 66
(Direct) useful application 3

Landfilling, which still accounted for 26% of sludge in 1999, will be prohibited in
the future (regulation is being prepared) [31].

In case of separation, several extracting treatment techniques are used. Usually,
five fractions are distinguished: sand, water, coarse fraction, metal fraction and
sludge (fine fraction). Sometimes a separate fat-removing step is implemented. The
dehydrated sludge and the non-recyclable part of the coarse fraction are landfilled
[27]. Since the sand (approximately 80% of the weight) is relatively clean, it can,
for example, be re-used in the road construction industry [29]. The aqueous organic
fraction, containing most of the heavy metals out of the cesspit and sewage sludge,
can be fed toa WWTP [33].

The Dutch draft 2002-2012 National Waste Control Plan (Landelijk Afvalbeheers-

plan) [31] defines a minimum standard for the treatment of street cleaning waste

and cesspit and sewage sludges:

— Cesspit and sewage sludge should at least be separated into an inert (sand) frac-
tion and a rest fraction.

— The rest fraction should be incinerated in such a way that less than 5% of the
input has to be landfilled.

— Export for further treatment is prohibited.





