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SAMENVATTING'

Uitgangspunten voor de normstelling ontwerp Bouwstoffenbesluit juni 1991
In 1991 werd het ontwerp Bouwstoffenbesluit (0BB) in de Staatscourant [1] voor inspraak
gepubliceerd. Voor de toepassing van bouwmaterialen wordt in het ontwerp
Bouwstoffenbesluit (0BB) de maximaal toelaatbare belasting van de bodem omschreven als
een zeer geringe verhoging van de gehalten in de vaste fase van de bodem, én als
bescherming van het grondwater op het niveau van de streefwaarden grondwaterkwaliteit;
“marginale bodembelasting”. Onder de bouwmaterialen worden ook de rest- en afvalstoffen
als secundaire grondstoffen gerekend die in Nederland op of in de bodem worden gebracht
voor weg- en waterbouw. Voor de toepassing van bouwmaterialen in het oppervlaktewater
is aangesloten bij de systematiek voor toepassing van bouwmaterialen op of in de bodem. Als
rekenkundige invulling van het beleidsconcept "marginale bodembelasting" is in het oBB
gekozen voor:
"Een belasting ten gevolge van uitloging uit een bouwmateriaal die leidt tot een toename
van een stof in de vaste fase van de bodem van 1% ten opzichte van de streefwaarde
bodemkwaliteit in 100 jaar gemiddeld over de eerste meter van een als homogeen te
beschouwen bodem."
Uitgaande van deze definitie van toegelaten immissie (marginale bodembelasting) en enkele
eenvoudige aannames was het mogelijk de toegelaten immissie om te rekenen in een
toelaatbare emissie uit bouwmaterialen. De aannames betroffen:
- Het soortelijk gewicht van de bodem (1400 kg/m?).
- Het soortelijk gewicht van afvalstoffen (1550 kg/m?).
- De effectieve infiltratie in een bouwwerk (300 mm/j).
- De toepassingshoogte van een bouwwerk voor niet-vormgegeven bouwmaterialen (0.7 m)
of de toepassingsdikte van vormgegeven bouwmaterialen (0.3 m).
De toelaatbare emissies uit een bouwmateriaal worden per stof in bijlage 2 van het oBB

vermeld. Voorts wordt in het oBB gesteld dat de gemeten uitloging? in het laboratorium uit

Dit rapport is in het Nederlands beschikbaar als RIVM-rapport 771402006 “Milieuhygiénische kwaliteit van
primaire en secundaire bouwmaterialen in relatie tot hergebruik en bodem- en oppervlaktewateren-
bescherming”.

Niet-vormgegeven volgens o-NEN 7343, vormgegeven volgens o-NEN 73435, zie ook bijlage 3.
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bouwmaterialen, waaronder rest- en afvalstoffen die in Nederland op of in de bodem worden

gebracht, genoemde toelaatbare emissies (normen voor uitloging) voor bouwmaterialen niet

mogen overschrijden. Een aantal bouwmaterialen wordt in het 0BB op voorhand toegewezen

aan een toepassingscategorie® (bijlage 1 van het oBB). Bovendien zijn ten aanzien van de

samenstelling eisen gesteld aan de concentraties van anorganische en organische stoffen.

Definities toegespitst op normstelling voor bouwmaterialen in deze studie

Immissie

Emissie

Toegelaten immissie (I,,,,)

Gemeten emissie (E,,) of uitloging

Berekende immissie (I,)

Maximaal toelaatbare emissie (E,,,)

} _Cat. G: vrije toepassing

Belasting van een compartiment met stoffen uit
bouwmaterialen mg/m?.

Afgifte van stoffen vanuit een bouwmateriaal
naar een compartiment in mg/kg of mg/m?.
Een beleidsmatig toegelaten belasting van een
compartiment (bodem of oppervlaktewater) in
mg/m?,

Uitloging van stoffen uit een bouwmateriaal in
mg/kg of mg/m>.

Een immissie die is afgeleid uit de uitloging in
het laboratorium en gecorrigeerd voor
lab/praktijk-effecten in mg/m?.

Een emissie die is afgeleid uit de toegelaten
immissie waarbij voor vormgegeven en niet-
vormgegeven bouwmaterialen op verschillende
wijze rekening is gehouden met lab/praktijk-

effecten in mg/kg of mg/m?.

- Cat. 1 : vrije toepassing, maar met terugnameplicht
- Cat. 2 : geisoleerde toepassing, minimum hoeveelheid en terugnameplicht
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Kritiek op de normen voor bouwmaterialen van het oBB

De kritiek van het bedrijfsleven richtte zich ten aanzien van het ontwerp Bouwstoffenbesluit,

zowel op de ongedifferentiéerdheid van sommige aannames? als op de wijze van omrekening;

namelijk:

* Een onvoldoende balans tussen hergebruik en bodem- en oppervlaktewaterbescherming.

* De voorgestelde normen voor bouwmaterialen worden door betrokkenen nu al in de
toepassingsoverwegingen meegenomen, waardoor een aantal nu nog toegestane
bouwmaterialen in de praktijk niet wordt toegepast.

* De normen voor uitloging zijn gebaseerd op relatief korte ervaringen met laboratorium-
proeven.

* De adviezen over het hanteren van de normen voor de samenstelling zijn niet eensluidend.

* Er wordt geen rekening gehouden met mogelijke verschillen tussen de uitloging in het
laboratorium en in de praktijk. Men vermoedt dat de feitelijke uitloging in de praktijk
lager is in vergelijking met de uitloging die wordt gemeten in het laboratorium. In feite
wordt er in het 0BB van uitgegaan dat de emissie die wordt gemeten in het laboratorium

ook in de praktijk plaatsvindt.

Immissie-eisen blijven

In de standpuntsnotitie van de minister van Volkshuisvesting, Ruimtelijke Ordening en
Milieubeheer (VROM) aan de Tweede Kamer in juni 1992° worden de te stellen emissie-
eisen voor bouwmaterialen gebaseerd op de toegelaten immissies (marginale bodembelasting)
van stoffen in de bodem. De toegelaten immissies zijn berekend met dezelfde definitie als in
het ontwerp Bouwstoffenbesluit. De toegelaten immissies in de bodem worden in dit rapport
gegeven in tabel 1.1.2. De emissies uit bouwmaterialen mogen in de praktijk deze toegelaten
immissies niet overschrijden.

De normen voor de anorganische samenstelling van bouwmaterialen die geen bodem worden,
zijn vervallen. Voor organische stoffen worden wel eisen gesteld aan de samenstelling van
bouwmaterialen. Bouwmaterialen die bodem mogen worden, moeten aan de streefwaarden

bodemkwaliteit getoetst worden.

*  Bijvoorbeeld de toepassingshoogte in de wegenbouw is vaak 0.2 m in plaats van 0.7 m.

Mede namens de minister van Verkeer en Waterstaat V& W),
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Vragen aan het RIVM en het RIZA

Het ministerie van VROM heeft het Rijksinstituut voor Volksgezondheid en Milieu (RIVM)

gevraagd om een overzicht te geven van:

1. De bouwmaterialen die kunnen worden gebruikt volgens de normen voor bouwmaterialen
van het oBB (bijlage 2 van het oBB).

2. Een evaluatie te geven van de berekening van de normen voor de uitloging.

3. De consequenties van de normstelling voor het hergebruik van bouwmaterialen te
evalueren.

4. Een evaluatie te geven van de normen voor de samenstelling.

Het RIVM heeft zich geconcentreerd op de toepassing van bouwmaterialen op of in de
bodem. Door het ministerie van Verkeer en Waterstaat (V&W) is ten aanzien van de punten
2 en 3 voor de waterbouw hetzelfde gevraagd aan het Rijksinstituut voor Integraal
Zoetwaterbeheer en Afvalwaterbehandeling (RIZA).

Het RIVM en het RIZA hebben op basis van de huidige kennis, met als uitgangspunt

marginale belasting van bodem en oppervlaktewater, de normstelling voor bouwmaterialen

geévalueerd.

Correctie van de uitloging in het laboratorium voor effecten in de praktijk

In feite wordt er in het oBB van uitgegaan dat de emissie die wordt gemeten in het
laboratorium, ook in de praktijk plaatsvindt. Een betere beschrijving van de relatie
laboratorium/praktijk was, gezien de wetenschappelijke kennis op dat moment, niet mogelijk.
Intussen was veel onderzoek geinitieerd dat ook na het verschijnen van het oBB is
doorgegaan. Op dit moment wordt nog onderzoek verricht naar de relatie tussen
laboratoriumuitloging en emissiegedrag in de praktijk.

In het Bouwstoffenbesluit wordt er, uitgaande van de huidige stand der wetenschap, zo veel
mogelijk invulling gegeven aan de verschillen tussen de uitloging in het laboratorium en de
feitelijke emissie in de praktijk. Dit heeft geresulteerd in een formule waarin de gemeten
emissie (uitloging) in het laboratorium wordt gecorrigeerd voor praktijkeffecten (berekende
immissie). De formule en de onderbouwing van de formule zijn weergegeven in dit rapport.
De aanpassingen hebben ertoe geleid dat er bij gelijkblijvende toegelaten immissie,

bouwmaterialen in het laboratorium meer mogen uitlogen in vergelijking met het oBB.
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Bovendien zijn de toepassingshoogte c.q. toepassingsdikte, de diffusiecoéfficiént, etc. als

variabelen in de formules gebracht.

Voorstellen gedaan door het RIVM en RIZA ten aanzien van de normstelling

Door het RIVM zijn de volgende voorstellen gedaan:

* In het Bouwstoffenbesluit de normstelling voor bouwmaterialen op toegelaten immissies
van stoffen in de bodem baseren in plaats van op toelaatbare emissies van stoffen uit
bouwmaterialen.

* In de rekenformules, om te komen van toegelaten immissies naar toelaatbare emissies,
rekening te houden met de toepassingswijze. De rekenregels worden in dit rapport
beschreven in Deel 1 en 1A.

In de rekenformules zijn de onderstaande correcties voor het verschil tussen uitloging in het

laboratorium en in de praktijk verwerkt.

Niet-vormgegeven bouwmaterialen:

- De uitloogwaarden voor metalen in grond gebruiken als voorlopige correctiefactor voor
de uitloging in het laboratorium naar de praktijk. Uit onderzoek is namelijk gebleken dat
natuurlijke gronden door het verstoren van het natuurlijk evenwicht in het laboratorium
in de kolomproeven ook uitloging vertonen die hoger was dan men op basis van de
concentraties in het grondwater zou verwachten.

Vormgegeven bouwmaterialen:

- Een correctiefactor te gebruiken voor bevochtiging voor bouwmaterialen die bloot staan
aan de lucht maar niet continu vochtig zijn.

- Een correctiefactor te gebruiken voor de temperatuur. In het laboratorium heerst een
temperatuur van 20°C, in de praktijk gemiddeld 10°C.

- Voor stoffen met een hoge mobiliteit zijn er extrapolatiefactoren voor de volgende twee
factoren: uitputting en veranderingen in de diffusiecoéfficiént. Voorgesteld wordt om de
laagste van de twee extrapolatiefactoren te gebruiken.

Door het RIZA zijn de volgende voorstellen gedaan:

* Een definitie vormen voor een, voor de toepassing van bouwmaterialen, als marginaal te
beschouwen belasting (toegelaten immissies) van oppervlaktewater.

* De toegelaten immissies voor de waterbodem gelijk te stellen aan die voor de bodem.

* De rekenformules om te komen van toegelaten immissies naar toelaatbare emissies,
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rekeninghoudend met de toepassingswijze, te beschrijven in dit rapport (Deel 1 en 1B).
De door het RIVM aangebrachte correcties voor het verschil tussen uitloging in het
laboratorium en in de praktijk zijn, voor zover relevant, in de formules verwerkt.

* Te corrigeren voor de afgifte van stoffen aan het oppervlaktewater tijdens het aanbrengen
van niet-vormgegeven bouwmaterialen. Deze aan het oppervlakte water afgegeven stoffen
dragen niet bij aan de emissie naar de waterbodem.

* Na een analyse van de meest maatgevende emissie-routes (naar de waterbodem en naar

het oppervlaktewater), de normstelling te baseren op de route naar de waterbodem.

Gegevensverzameling van bouwmaterialen

De testresultaten van samenstellingsproeven (totaal- en koningswaterontsluiting) en
uitloogproeven (kolom-, cascade- en diffusieproeven) zijn door het RIVM in brede kring
verzameld bij VROM/DGM, RIVM, diverse onderzoeksinstituten en het bedrijfsleven.
Hierna is op basis van de verzamelde testresultaten van bouwmaterialen een overzicht
opgesteld van de bouwmaterialen die kunnen worden gebruikt volgens de normen voor
bouwmaterialen uit het oBB en de door RIVM/RIZA berekende normen voor bouwmaterialen
(Deel 2).

Om het hergebruik van enkele bouwmaterialen veilig te stellen, zijn de toegelaten immissies
van barium, vanadium, fluoride, chloride en sulfaat en de samenstellingseisen voor PAK’s
en minerale-olie door VROM/V&W bijgesteld. Als gevolg van deze bijstelling van de
normen wordt een meer dan marginale belasting van de bodem c.q. oppervlaktewater voor
deze stoffen aanvaard. Dit besluit is verwoord in de standpuntsnotitie d.d. 23 juni 1992 van
de Minister van VROM aan de Tweede Kamer der Staten Generaal [2].

Resultaat van de aanpassing van de normstelling

In het o0BB wordt voor elke denkbare toepassing van een bouwmateriaal uitgegaan van één
algemene uitloogeis per stof. Daarmee kan de toepasbaarheid van elk bouwmateriaal
"eenvoudig" worden vastgesteld. Het bouwmateriaal is daarmee ook uitwisselbaar van de ene
toepassing naar de andere. In de nieuwe opzet is de toelaatbare emissie voor een bouw-
materiaal afhankelijk van de feitelijke toepassingshoogte c.q. dikte, waardoor per geval ook
(meer) rekening met de constructiewijze kan worden gehouden bij de bepaling van de

toelaatbare emissie. Voor de waterbouw blijkt de waterbodem het maatgevende
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compartiment. De normen voor niet-vormgegeven bouwmaterialen verschillen nauwelijks en
die voor vormgegeven bouwmaterialen verschillen in het geheel niet van de normen voor de
toepassing van bouwmaterialen in of op de bodem. Het netto effect is dat veel meer
bouwmaterialen kunnen worden toegepast in vergelijking met het oBB zonder dat de bodem
zwaarder wordt belast dan de toegelaten belasting volgens het beleidsconcept "marginale
bodembelasting”. De controle op naleving van de regels zal nu wel per toepassing dienen te

geschieden.

Milieuhygiénische kwaliteit van bouwmaterialen toepasbaar op of in de bodem

De beoordeling van de milieuhygiénische kwaliteit van de bouwmaterialen heeft

plaatsgevonden op de beschikbare gegevens. De op of in de bodem toepasbare

bouwmaterialen zijn onder te verdelen in de volgende categorieén:

Categorie 1 : Bouwmaterialen die geen van de samenstellingswaarden overschrijden en op
zodanige wijze worden gebruikt dat, ook indien geen isolatiemaatregelen
worden genomen, geen van de toegelaten immissies worden overschreden.

Categorie 2 : Bouwmaterialen die geen van de samenstellingswaarden overschrijden en op
zodanige wijze worden gebruikt dat, slechts indien isolatiemaatregelen worden

genomen, geen van de toegelaten immissies worden overschreden.

Verder is voor vormgegeven bouwmaterialen de bevochtigingstijd relevant. Onderscheid
wordt gemaakt in de volgende toepassingen:
Type A : Vrijwel continu vochtige toepassingen.

Type B : Periodiek vochtige toepassingen ten gevolge van atmosferische omstandigheden.

Uit dit onderzoek naar de milieuhygi€nische kwaliteit van bouwmaterialen blijkt dat alle
onderzochte natuurlijke materialen, onafhankelijk van hun herkomst, voldoen aan de criteria
voor categorie 1 bouwmaterialen. De natuurlijke bouwmaterialen afkomstig uit de
Nederlandse bodem overschrijden de streefwaarde bodemkwaliteit niet.

Granulaten, zoals asfalt- beton-, metselwerk- en menggranulaat afkomstig van bouwpuin
waarin alleen primaire grondstoffen zijn verwerkt, vallen in de regel geheel of grotendeels
in de categorie 1 bouwmaterialen. Zeefzand en recycling brekerzand zijn op basis van de

metalen categorie 1 bouwmaterialen. Sulfaat is een kritische stof die een deel van de
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bouwrecyclingmaterialen kan doen opschuiven naar categorie 2. De PAK- en minerale olie-
gehalten (samenstelling) zullen, na verhoging van de samenstellingsnorm door VROM/V&W,
voor de gangbare bouwrecycling-granulaten niet leiden tot afkeuring voor hergebruik. In
zeefzand en in mindere mate in recyclingbrekerzand komen organische stoffen voor die tot
een gedeeltelijke afkeuring van het produkt kunnen leiden.
De reststoffen die ook zelfstandig kunnen worden toegepast in de vorm van ongebonden
ophoog-, aanvulling- en/of funderingsmateriaal, zijn AVI-bodemas, EC-bodemas,
hoogovenstukslak en fosforslak en zijn alle geheel of deels toepasbaar als categorie 2
bouwmaterialen. AVI-bodemas zal bijna geheel niet toepasbaar zijn in deze vorm. Dit
bouwmateriaal kan alleen nog in de zogenoemde "bijzondere categorie” worden toegepast.
Mijnsteen, hoogovenschuimslak, gegranuleerde hoogovenslak en hoogovenslakkenzand
blijken veelal toepasbaar als categorie 1 bouwmaterialen.
De emissies uit vormgegeven produkten gemaakt van primaire grondstoffen zijn veelal lager
dan de toelaatbare uitloogemissies.
Cementbeton en asfaltbeton met een toevoeging van E-vliegas zijn toepasbaar als categorie
1 bouwmaterialen in type A- en B-toepassingen. Grof keramische produkten, kalkzandsteen
en cellenbeton (gasbeton) met E-vliegas zijn voor (een aantal van) de gebruikelijke
toepassingen van deze materialen geschikt.
Grof keramische produkten en kalkzandsteen met lage percentage E-vliegas zijn als categorie
1 bouwmaterialen toepasbaar in A-toepassingen.
Lichtgebonden fosforslak en fosforslak zijn als categorie 1 bouwmaterialen toepasbaar in type
A- en B-toepassingen. Gebonden AVI-bodemas is meestal als categorie 1 bouwmateriaal

toepasbaar in B-toepassingen en als categorie 2 bouwmateriaal in A-toepassingen.

Milieuhygiénische kwaliteit van bouwmaterialen toepasbaar in het oppervlaktewater
Breuksteen, grind, zand, gebroken steen, fosforslak, LD-staalslak en betonelementen zijn
toepasbaar als categorie 1 bouwmaterialen. Van fosforslak en LD-staalslak betreft het alleen
de toepassing als vormgegeven bouwmaterialen.

Voor oppervlaktewateren wordt in grote lijnen aangesloten bij de beoordelingsmethodiek die
is voorgesteld voor de toepassing van bouwmaterialen in of op de bodem. Categorie 1

bouwmaterialen kunnen vrij maar terugneembaar worden toegepast in oppervlaktewateren.
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De toepassing van categorie 2 bouwmaterialen en type B-toepassingen (alleen vormgegeven

bouwmaterialen) blijven vergunningplichtig.

Consequenties voor de herbruikbaarheid en het hergebruik

In dit rapport (Deel 3) is een vergelijking gemaakt van de herbruikbaarheid op basis van de
normstelling in het oBB en de door RIVM/RIZA berekende én eventueel door VROM/V&W
aangepaste normen. Na aanpassing van de rekenmethodes voor de normering van
bouwmaterialen voor de uitloging en aanpassing van de samenstellingsnormen voor
organische stoffen, neemt de totale hoeveelheid herbruikbare bouwmaterialen, die niet
voldoet aan de normen en gestort moet worden, met ongeveer 80% af in vergelijking met het
oBB. Indien rekening wordt gehouden met de toepassing van AVI-bodemas in de "bijzondere
categorie” en met het gegeven dat EC-vliegas momenteel volledig wordt toegepast in
vormgegeven bouwmaterialen, is de afname nog groter, namelijk circa 95%. Bovendien
wordt een verschuiving van circa 40% in de richting van categorie 1 gerealiseerd. AVI-
bodemas en asfaltgranulaat met teer zijn nog steeds voor een belangrijk deel niet toepasbaar.
In de standpuntsnotitie van 23 juni wordt door de Minister van VROM aangegeven dat deze
bouwmaterialen hergebruikt kunnen worden in een aparte categorie in het Bouwstoffenbesluit.
Bij de vergelijking is alleen rekening gehouden met de milieuhygi€nische eisen
(herbruikbaarheid op milieuhygi€nische gronden). Naast de herbruikbaarheid spelen aspecten
zoals marktacceptatie en prijsvorming een rol in de kwantificering van het effectieve
hergebruik. Deze aspecten zijn niet meegenomen. Door RIVM/RIZA wordt verwacht dat
voor veel bouwmaterialen nu zoveel duidelijkheid is gegeven met betrekking tot de milieu-
hygiénische kwaliteit, dat de markacceptatie en daarmee het hergebruik van de categorie 1

bouwmaterialen zeer wordt bevorderd.

Overleg Bedrijfsleven, VROM/DGM, Rijkswaterstaat, RIVM en RIZA
De inhoud van dit rapport is in een drietal bijeenkomsten van het bouwbedrijfsieven,
VROM/DGM, V&W/Rijkswaterstaat, RIZA en RIVM besproken. De verslagen van deze

bijeenkomsten zijn opgenomen in bijlage 13.
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Belangrijkste verschillen tussen de eerste en deze versie van dit rapport

In de periode tussen de eerste versie van dit rapport (RIVM-rapport 77 1402005) en het
onderhavige rapport zijn meer data beschikbaar gekomen en verwerkt. De commentaren van
de besprekingen met het bouwbedrijfsleven, VROM en V&W zijn verwerkt en de normen
zijn in een enkel geval door VROM/V&W aangepast (minerale olie en PAK). Het verschil
met de eerste versie van het rapport betreft een betere invulling van de constanten in de
relatie laboratorium/veld en een meer uitgebreid overzicht van de mogelijke kosten (analyse-,
stort- bewerkingskosten, etc.) die met deze maatregel gepaard gaan. Voorts is deel 1b

"normstelling voor de toepassing van bouwmaterialen in de natte waterbouw" toegevoegd.

Toetsingsprocedure

Zie voor details in RIVM-rapport no 771402010

Een eerste aanzet tot een toetsingsprocedure ziet er als volgt uit:

- Baken een partij af van 2000 ton bouwmateriaal of de gehele partij als deze kleiner is dan
2000 ton.

- Neem tenminste 12 aselecte grepen uit deze partij volgens NEN 7300.

- Voeg deze grepen aselect samen tot tenminste ¢=3 mengmonsters van tenminste m=4
grepen elk (elk monster hetzelfde aantal grepen).

- Meet de te toetsen eigenschappen van de monsters per stof volgens de NEN 73xx-serie.

- Bereken per stof (i) het gemiddelde ( x ;) van de meetresultaten van de drie of meer
mengmonsters.

- Keur de partij af als ¥ ; > afkeurfactor * toetsingswaarde voor stof i (Tj).

Lees de afkeurfactor af in tabel 11.3.1 en de toetsingswaarde in bijlage 1 van het Bouwstof-

fenbesluit voor het geval van 3 of 4 mengmonsters van elk 4-20 grepen.
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SUMMARY

Starting points for standard-setting for the proposed Building Materials Decree, June
1991
In 1991, the proposal for the Building Materials Decree (0BB) was published in the Staats-
courant [1] in order to stimulate public comment. In this proposed Building Materials
Decree, the maximum allowable burdening of the soil is described as a marginal increase of
the concentrations of inorganic compounds in the solid phase of the soil, and the protection
of groundwater at the target value level for groundwater quality, i.e. "marginal soil
burdening". This is described for construction materials brought onto or into the soil in the
Netherlands, including waste materials used as secondary raw materials for road- and water-
ways construction. Application of construction materials in surface water is related to the
method for their use on or in the soil. As a mathematical definition of the proposed policy
for "marginal soil burdening", the oBB has chosen:
"a burdening due to leaching from a construction material which leads to a 1% increase of
a compound in the solid phase of the soil compared to the target value for soil quality in
100 years averaged over the first metre of a soil which is considered to be homogeneous”.
Using this definition of allowable immission (marginal soil burdening) and several simple
premises, it was possible to convert the allowed immission into an allowable emission from
construction materials. The premises were:
- the specific weight of the soil (1400 kg/m®)
- the specific weight of the waste materials (1550 kg/m’)
- the effective infiltration of water in a structure (300 mm/y)
- the application height of a structure for non-prefabricated construction materials (0.7 m)
or the application thickness of prefabricated construction materials (0.3 m).
The acceptable emissions from a construction material are described per compound in
Appendix 2 of the oBB. Furthermore, the oBB also states that the leaching® from construc-
tion materials (including waste materials) measured in the laboratory which are brought onto
or into the soil in the Netherlands, may not exceed the acceptable emissions mentioned

(leaching standards) for construction materials. Several construction materials have already

¢ Non-prefabricated according to NEN 7343, prefabricated according to NEN 7345. See also Appendix
3.
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been placed into a certain application category’ (Appendix 1 of the oBB). Requirements for

the composition have also been stipulated for the concentrations of inorganic and organic

compounds.

Definitions focused on standard-setting for construction materials in this study

Immission

Emission

Accepted immission (I,,,)

Measured emission (E,,.,,) or leaching

Calculated immission (I,)

Maximum allowable emission (E,,,,)

Compound

7 - Cat. G: free application

burdening a compartment (soil or surface water)
with compounds from construction materials, in
mg/m?,

the discharge of compounds from a construction
material to a compartment in mg/kg or mg/m’.
burdening a compartment (soil or surface wa-
ter), which is acceptable to the Dutch Ministry
of Housing, Spatial Planning and the Environ-
ment and indicated in mg/m’.

leaching of compounds from a construction ma-
terial in mg/kg or mg/m? measured in the
laboratory.

an immission derived from leaching in the
laboratory and corrected for differences between
laboratory leaching and actual leaching
(lab/actual differences) in mg/m?.

an emission derived from the acceptable im-
mission in which lab/actual differences for
prefabricated and non-prefabricated construction
materials are taken into consideration in various
ways, in mg/kg or mg/m?.

inorganic compounds (metals, anions) and

organic compounds (PAHs, mineral oil, etc)

- Cat. 1: free application, but with removal obligation
- Cat. 2: isolated application, minimum quantity and removal obligation
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Criticism of the oBB standards for construction materials
The criticism of Dutch Trade and Construction Industry on the proposed Building Materials
Decree (0BB) was directed towards the indifferentiality of certain premises® and to the

method of conversion, namely:

* an insufficient balance between re-use and the protection of soil and surface water.

* the proposed standards for construction materials are already being incorporated into the
considerations for application, so that a number of construction materials which are
currently still allowed are no longer being used in practice.

* the standards for leaching are based on relatively short laboratory experience.

* the advices given for managing composition standards are not uniform.

* possible differences between leaching in a laboratory setting and leaching in an actual
setting are not considered. The actual leaching is suspected to be lower in comparison to
leaching measured in the laboratory. The oBB is, in fact, based on the idea that the
emission measured in the lab is the same as the emission which takes place in actual

practice, because information about the leaching is practice were only limited available.

Immission requirements remain

In the policy position note of the Minister of Housing, Spatial Planning and the Environment
(VROM) to the House of Commons in June 1992°, the emission requirements to be
determined for construction materials are stated to be based on the allowed immissions
(marginal soil burdening) of compounds into the soil. The allowed emissions are calculated
according to the same definition as given in the proposal for the Building Materials Decree,
stated in Table 1.1.2. of this report. Emissions from construction materials may not exceed
the immissions allowed in actual practice. The standards for the inorganic composition of
construction materials which do not turn into soil have been cancelled. However,
requirements concerning the composition of construction materials have been given for
organic compounds. Construction materials which are allowed to become soil must be

compared to the target values for soil quality.

8 For example, the application height in road construction is often 0.2m instead of 0.7m

 Also on behalf of the Minister of Transport, Public Works and Water Management.
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Questions directed to RIVM and RIZA
The Ministry of VROM has asked the National Institute of Public Health and the Environ-
ment (RIVM) to:
1. Survey the construction materials which may be used according to the standards for
construction materials stated in the oBB (Appendix 2 of the 0BB).
2. Give an evaluation of the calculation of the standards concerning leaching.
3. Evaluate the consequences of the standards for the re-use of construction materials.

4. Give an evaluation of composition standards.

The RIVM has concentrated on the application of construction materials on or in the soil.
Concerning 2 and 3, the Ministry of Transport, Public Works and Water Management
(V&W) has asked the National Institute for Inland Water Management and Waste Water
Treatment (RIZA) to do the same for the application of construction materials in the surface
water. On the basis of current knowledge, the RIVM and RIZA have evaluated the setting
of standards for construction materials using marginal burdening of the soil and the surface

water as their starting point.

Correction of the leaching in the laboratory for effects in actual practice

The oBB in fact assumes that the emission measured in the laboratory also takes place in
actual practice. A better description of the relationship between lab/actual practice was not
possible, given the scientific knowledge at that time. In the meantime, much research had
been initiated which continued after the oBB came into being. Also, at this very moment,
research is still being carried out to determine the relationship between lab-leaching and

emission behaviour in actual practice.

In the Building Materials Decree, the differences between leaching in the lab and in actual
practice are given as much substance as possible, given the current level of scientific
knowledge. This has resulted in a formula in which the measured emission (leaching) in the
lab is corrected for actual practice effects (calculated immission). Both the formula and the
grounds on which it is based are reflected in this report. The adaptations to the formula have
meant that construction materials in the lab may leach more in comparison to the oBB criteria
where the allowable immission stays the same. Also, the application height and/or application

thickness, the diffusion coefficient, etc., are used as variables in the equations.
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Proposals made by the RIVM and RIZA on standard-setting

The RIVM has made the following suggestions:

*

To base standard-setting for construction materials in the Building Materials Decree on
allowed immissions of compounds in the soil, instead of on allowed emissions of
compounds out of construction materials.

The calculation equations to convert from allowed immissions to allowable emissions,
keeping in mind the application of construction materials described in this report (Part 1
and 1A). Included in these equations are the corrections mentioned below for the

differences between leaching in the lab and in actual practice.

Non-prefabricated construction materials:

To use the leaching values for metals in the soil as a temporary correction factor between
leaching in the lab and in actual practice. Research has shown that natural soils of which
the natural balance had been disturbed in the lab also showed leaching in the column

experiments which was, based on concentrations in the groundwater, higher than expected.

Prefabricated construction materials:

To use a correction factor for the wetness of construction materials which are exposed to
the air but are not continuously wet.

To use a correction factor for the temperature. In the lab the temperature is 20°C; in
actual practice the average temperature is 10°C.

For materials with a high mobility, there are extrapolation factors for the following two
factors: exhaustion and changes in the diffusion coefficient. It is suggested that the lowest

of the two extrapolation factors be used.

The RIZA has made the following suggestions:

*

K

*

*

Define what is to be regarded as marginal burdening (allowed immissions) of surface
water for the application of construction materials.

Make the immissions allowed for the sediment equal to those allowed for soil.

In this report (Part 1 and 1B) the calculation equations to convert allowed immissions to
allowed emissions are described, keeping in mind the method of application. For as far
as they are relevant, the corrections given by the RIVM for the difference between
leaching in the lab and in actual practice are included in the equations.

Correct for the discharge of compounds to the surface water during the application of non-
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prefabricated construction materials. These compounds given off to the surface water do
not contribute to the emission to the sediment bed.
* After an analysis of the most important emission routes (to the sediment and to the surface

water), base the setting of standards on the route to the sediment.

Collection of data from construction materials

The test results of composition measurements (total destruction and aqua regina) and leaching
experiments (column, cascade and diffusion experiments) have been collected by the RIVM
from Directorate General of the Environment (VROM/DGM), RIVM, various research
institutes and trade and industry. Afterwards, a survey, based on the collection of test results
for construction materials, was drawn up of the construction materials which may be used
according to the standards for construction materials as described in the oBB and calculated
by the RIVM/RIZA (Part 2). To ensure the re-use of various construction materials, the
allowed immissions of barium, vanadium, fluoride, chloride and sulphate as well as the
composition requirements for PAHs and mineral oil have been adjusted by VROM/V&W.
As a result of these adjustments, a greater than marginal burdening of the soil and the surface
water is accepted for these compounds. This decision is published in the policy position note

dated June 23, 1992, given by the Minister of VROM to Parliament [2].

The result of adapting standard-setting

For every possible application of a construction material, the oBB works on the assumption
of one general leaching requirement per compound. In this way the applicability of each
construction material can be "easily” determined. The construction material is then also
exchangeable from one application to another. In the new format, the allowable emission for
a construction material is dependent on the actual application height and/or application
thickness, so that, per case, (more) consideration can be taken of the construction method
when determining the allowable emission. For waterway construction, the sediment is shown
to be the decisive compartment. The standards for non-prefabricated construction materials
barely differ from the standards for the application of construction materials on or in the soil;
for prefabricated construction materials they do not differ in this at all. The overall effect is
that many more construction materials can be applied in comparison to the 0BB without
burdening the soil more than the burdening allowed by the "marginal soil burdening" policy.

Ensuring the enforcement of the rules will now have to be done per application.
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The environmental quality of construction materials applicable on or in the soil

The evaluation of the environmental quality of the construction materials was done with the

available data. The construction materials applicable on or in the soil can be divided into the

following categories:

Category 1: construction materials which do not exceed the composition values and are used
in such a way that none of the allowable immissions are exceeded, even if no
isolation measures are taken.

Category 2: construction materials which do not exceed the composition values and are used
in such a way that none of the allowable immissions are exceeded only if

isolation measures are taken.

Furthermore, for prefabricated construction materials, the wetting time is relevant. A
distinction is made between the following applications:
Type A: virtually continuously wet applications.

Type B: periodically wet applications as a result of atmospheric conditions.

This research into the environmental protection quality of construction materials shows that
all the natural materials researched, meet, independent of their origin, the criteria for
category 1 construction materials. The natural construction materials taken from the Dutch

soil do not exceed the target values for soil quality.

Aggregates, such as asphalt, cement and masonry aggregates, and mixed aggregate of cement
and masonry aggregates in which only primary raw materials are incorporated, belong, as
a rule, completely or for the most part in category 1 construction materials. Sieve sand and
recycling breaker sand are category 1 construction materials, based on their leaching of
metals. Sulphate is a critical compound which results in a part of the construction recycling
materials being moved up to category 2. The PAH and mineral oil levels (composition) for
the current construction recycling aggregates will not lead to rejection for re-use after
VROM/V&W have increased the composition standard. In sieve sand and to a lesser measure
in recycling breaker sand, organic compounds that could lead to a partial rejection of the

product are present.
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The waste materials that can also be applied independently in the form of unbound material,
supplemental and/or road base materials are MSWI bottom ash, E bottom ash, blast furnace
slag and phosphor slag; they are all completely or partially applicable as category 2
construction materials. MSWI bottom ash will be almost completely unusable in this form.
This construction material can only still be applied in the so-called "special category”. Mine
stone, blast furnace foam slag, granulated blast furnace slag and blast furnace slag sand are
shown to be usually applicable as category 1 construction materials.
The emissions from prefabricated products made from primary raw materials are usually
lower than the allowable leaching emissions.
Cement concrete and asphalt cement with an addition of Electric power station fly ash (E-fly
ash) are applicable as category 1 materials in types A and B applications. Rough ceramic
products (bricks), calcium-silicate bricks and aerated concrete (blocks) with E fly ash are
suitable for (several) of the usual applications of these materials.
Rough ceramic products and calcium-silicate with a low percentage of E fly ash are used as
category 1 construction materials in A applications.
Slightly stabilised phosphor slag and phosphor slag are applicable as category 1 construction
materials in A and B applications. Stabilised MSWI bottom ash as a category 1 construction
material is usually applicable in B applications and as category 2 construction material in A

applications.

The environmental quality of construction materials applicable in surface water

Crushed natural stone, gravel, sand, phosphor slag, LD slag and concrete elements are
applicable as category 1 construction materials. Phosphor slag and LD slag are only for
application as prefabricated construction materials. For surface waters, the evaluation method
proposed for the application of construction materials onto or into the soil is generally
adhered to. Category 1 construction materials can be freely applied in surface waters but
must be removable. Application of category 2 construction materials and type B applications

(only prefabricated construction materials) are allowable under licensed conditions.
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Consequences for re-useability and re-use

In this report (Part 3), a comparison is made between the re-useability based on the standard-
setting in the oBB, and on the standards calculated by RIVM/RIZA and possibly adapted by
VROM/V&W. After adapting the calculation methods used to set standards for leaching and
after adapting the composition standards for organic compounds, the total amount of re-usea-
ble construction materials which do not meet the standards (and which must be dumped), was
found to decrease by approximately 80% in comparison to the oBB. If it is kept in mind that
MSWI bottom ash is used in the "special category" and that E fly ash is currently fully used
in prefabricated construction materials, then the decrease is even greater, namely around
95%. Also, a shift of approximately 40% towards category 1 is realised. MSWI bottom ash
and asphalt aggregate with tar are still largely non-applicable. In the policy position note of
June 23, 1992, the Minister of VROM indicated that these construction materials could be
re-used under a separate category in the Building Materials Decree. In the comparison, only
the environmental protection demands (re-useability based on grounds of environmental
protection) are considered. Besides re-useability, aspects such as market acceptance and
pricing also play a role in the quantification of effective re-use. These aspects are not
included. The RIVM/RIZA expects that for many construction materials, enough clarity has
been given concerning their environmental quality, so that the market acceptance of the

category 1 construction materials will be greatly stimulated, and so also their re-use.

Consultation between industries, VROM/DGM, Department of Public Works, RIVM
and RIZA

The contents of this report were discussed during three meetings between the construction
industry, VROM/DGM, V&W, RIZA and RIVM. The reports of these meetings are given
in Appendix 13.
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The most important differences between the first and this version of the report

In the period between the first version of this report (RIVM report no. 771402005) and this
one, more data have become available and been processed. The comments given at the mee-
tings with the construction industries, VROM and V&W have been processed and in a few
cases the standards have been adapted by VROM and V&W (sulphate, mineral oil and PAH).
Compared to the first version of this report, there is now a better definition of the constants
in the relationship of lab/field, and a more extensive survey of the possible costs (analysis
costs, dump processing costs, etc.) which accompany this measure. Furthermore, Part 13,
"standard-setting for the application of construction materials in the wet waterway

construction”, has been added.



1. DETAILED SUMMARY

The draft Building Materials Decree (0BB), June 26, 1991, included a list of compounds
with their accompanying standards for composition and leaching. From this list one can
determine under which conditions construction materials may be applied on or in the soil
(Appendix 2, oBB). Also included is a list of construction materials which, during a certain
transition period, can be applied on or in the soil and in the surface water without being
tested according to the standards for construction materials (Appendix 1, oBB). In this report,
construction materials are: stone-like primary and secondary raw materials as well as the
products in which these have been processed. They are applied outside, either on or in the

soil, or in the surface water.

Obstacles

The construction industries have ascertained the following obstacles in the 0BB:

* There is an improper balance between re-use and the protection of the soil and surface
waters.

* Appendix 2 of the 0BB is already being used in any considerations made by users of
construction materials as well as by the authorities, so that certain materials currently
applicable according to Appendix 1 are in fact not being applied anymore in actual
practice.

* Furthermore, the advice given on the standards for the composition of construction

materials was not uniform.

The standards for construction materials stated in the oBB are applicable to leaching and

composition of construction materials. The following must be taken into consideration:

* The standards for leaching for construction materials in the oBB are based on relatively
short lab experiences and on the assumption that the relationship between the leaching in
the lab and the actual practice is 1:1.

* The standards for the composition of construction materials are included in the oBB as an
extra guarantee to support the short experience with the leaching tests, and also because
despite the prohibition on the mixing of construction materials, and the recovery

obligation, mixing with the soil can still take place.



Questions posed by VROM/V&W

VROM/V&W has requested the RIVM:

a. to give a survey of the construction materials which, based on the current knowledge of
the environmental qualities of construction materials, can be fully or largely applied if the
standards of Appendix 2 of the oBB are used.

b. to make a proposal to adjust the standard-setting on the basis of evaluation (described
below). As mentioned before, no consideration is taken in the oBB of construction
materials possibly leaching differently in actual practice than in the lab, as knowledge is
still too limited to be able to quantify this. Based on current knowledge, the RIVM was
asked to evaluate the calculation for setting the standard in the oBB, using a marginal
burdening of the soil as starting point, and keeping in mind, as much as is justifiable, the
possible differences between leaching in the lab (as an estimate for the leaching behaviour
in actual practice) and leaching in actual practice.

c. to give a survey of the construction materials which may be used partially or totally if the
adjusted standards were to be applied.

d. to evaluate the standards for the composition of construction materials.

e. to evaluate the consequences for re-use based on the measured environmental quality of
construction materials.

RIZA has been asked to do the same with respect to b and c, for applications in the surface

water.

The report comprises the following three parts:

* Part 1: General environmental protection starting-points for the setting of standards

* Part 1A: Setting a standard for the application of construction materials on or in the soil
* Part 1B: Setting a standard for the application of construction materials in surface waters
* Part 2: The quality of the construction materials

* Part 3: Re-usability and re-use

Consultation between industries, VROM/DGM, V&W, RIVM AND RIZA

The contents of this report were discussed at three meetings between industrial representa-
tives, VROM/DGM, V&W, RIZA and RIVM. The minutes of these meetings are recorded
in Appendix 13.
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The most important differences between the first and present version of this report

In the period between the first version of this report (RIVM report no. 771402005) and this
report, more data has become available and been processed. The comments given during the
meetings with the industries, VROM and V&W have been processed, and in some cases the
standards have been adjusted by VROM/V&W (mineral oil and PAH). Compared to the first
version of the report, the constants in this one are better defined as to the relationship of
lab/field, and there is a more extended survey of the possible costs (analysis costs, dumping
costs, etc.). Also, Part 1B, "Setting standards for the application of construction materials

in wet waterway construction”, has been added.

1.1. Standards for leaching from construction materials

Basis

The quality goals for soil and surface water are stated as target and limit values, respec-
tively, worded in the parliamentary paper as “Environmental quality goals for soil and
water'®. The target values are based on an ignorable risk for humans, plants, animals and
the ecosystem. Determining these values has taken place by way of ecotoxological risk
evaluations. The quality goals for the surface water are worded in the third Bill on Water

Management [3].

In the Netherlands, this evaluation for limit and target values has not yet taken place for all
the compounds mentioned in the 0BB. The oBB is therefore partly based on the background
of concentrations measured in the country. The target values and the limit values for soil and
surface water quality, as well as the values based on the background amounts, are
documented in Table 1.1.1.

' Parliamentary paper 21 990, no. 1, parliamentary session 1990/1991
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Table 1.1.1. Target values for soil and groundwater quality and limit values for surface
water quality in the Netherlands

compound soil groundwater surface water
mg/’kg ug/l ug/l
As 29 10 10
Ba 200 50 (150)
Cd 0.8 0.4 0.2
Co 20 20 @
Cr 100 1 20
Cu 36 15 3
Hg 0.3 0.05 0.03
Mo 10 5 (10)
Ni 35 15 10
Pb 85 15 25
Sb 2.6) NA @
Se () NA 0.5)
Sn 20 10 0.25)
\Y 68) NA &)
Zn 140 65 20
Br 20 300 8000
Cl (200) 100000 200000
F 500 500 1500
SO, (500 150000 100000
CN-complex 5 10 ®
CN-free 1 5 NA

- Taken from " POLICY STATEMENT ON THE MILBOWA NOTE" (Jan. 5, 1992) and the Third Policy Document on Water
Management", with the exception of the values in parentheses ()

- NA = not available

- Antimony, selenium and vanadium taken from [4]
Basis for the calculation of the standards for construction materials
The following starting points are used by VROM/V&W for developing the standards:
* 'The standards for construction materials are independent of the soil type and surface
water, except for applications on salty and brackish soils, and salty surface water,
* In the calculation of the standards, burdening by other sources is not considered;
No difference may be made between primary and secondary raw materials when setting

the standards;
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* The standards for the application of construction materials on or in the soil are based on
average emissions over time. For construction materials which are applied in the surface
water, initial leaching is also of importance.

* Spreading of the burdening over several compartments is not considered in the
calculations, except for applications in waterway construction where emission is divided
between the surface water and the (sediment) bed;

* Soil, groundwater and surface water must remain multifunctional in potency.

The standards for construction materials are applicable to each construction material and to

each surface water area.

The definition of maximum allowable burdening

In the 0BB, the choice has been made for a maximum allowed burdening ("marginal soil

burdening") based on the following considerations:

* Soil, groundwater and surface water must be protected.

* The re-use of waste materials must be stimulated in order to minimise the use of natural
materials and the volume of the waste to be dumped.

* Waste materials have an increased concentration of compounds compared to the target
values, and in general leach more in comparison to most of the natural construction

materials.

The maximum allowed burdening (immission) constitutes a time factor, a thinning factor
and/or surface factor, a target value (concentration) and a receiving environmental com-
partment. The limit of the maximum allowed soil burdening is defined by placing requi-
rements on the factors above. The maximum allowed burdening of the soil ("marginal soil
burdening") is mathematically defined by VROM/V&W as:

"A burdening as the result of leaching from a construction material which leads to a 1%

increase of a compound in the solid phase of the soil compared to the target value for soil

quality in 100 years averaged over the first metre of a soil considered to be homogeneous."
The RIZA has also used this definition for the sediment.
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Chloride and sulphate are barely or not at all absorbed and will therefore burden the
groundwater. For this reason, no target value has been derived for the solid phase of the soil,
so that a marginal burdening could not be determined according to the above- mentioned
method. For these compounds, a maximum allowed burdening has been related by

VROM/DGM to the target value for groundwater as follows:

"A burdening as the result of leaching from a construction material which leads to a 100%
average increase of the target value for groundwater quality in the first year for chloride

and sulphate in the percolate which is, or becomes, groundwater."

The allowed burdening of the surface water is defined as:

"A cumulative burdening from out of the entire work area bordering on the surface water
as the result of leaching from a construction material, which at the most leads to an average
increase of 10% of the limit value for surface water quality in the along-flowing surface

water (flow rate) considered homogeneous for a period of four days."

Maximum allowed immission

The maximum allowed immissions to the soil, groundwater and the surface water can be
calculated from the postulated definitions of maximum allowed burdening of the soil,
groundwater and surface water. In the calculation, the emission and the immission surfaces

have been made equal. The calculated maximum allowed immissions are shown in Table
1.1.2.
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Table 1.1.2. Maximum allowed immissions for soil, groundwater and surface water
calculated using the definitions for marginal burdening

compound soil groundwater surface water™
max. allowed immission | max. allowed immission in mg/n? per year max. allowed max. allowed
in mg/n? per 100 years immission as Q| immission as
=5 m%s in Quys = 25 m¥/s
mg/m? per 4 days| in mg/m® per 4
days
As 435 346 1728
Ba (3000) 6300 # 5184 25920
Cd 12 7 35
Co 300 69 346
Cr-tot 1500 691 3456
Cu 540 104 518
Hg 4.5 1.0 5.2
Mo 150 346 1728
Ni 52§ 346 1728
Pb 1275 864 4320
Sb 39 69 346
Se 15 17 86
Sn 300 9 43
A\ (1020) 2400 # 173 864
Zn 2100 691 3456
Br 300 276480 1382400
Cl prefab: 30000 en 60000 * 6912000 34560000
n-prefab: 87000 en 174000 # *
F (7500) 14000 # 51840 259200
SO, prefab and n-prefab cat 2: 45000 and 90000 * 3456000 17280000
n-prefab cat 1: 100000 + en 124000 * #
CN-tot 75 173 864
CN-free 15
*  The first value concermns applications on or in the "dry" soil with an infiltration of rainwater or a ground stream of 300 mm/y. The second value concerns
applications in “wet" waterway construction with an infiltration of surface water or a groundwater flow of 600 mm/y.
**  The maximum allowed immissions are dependent on the extent of the long-flowing flow rate and the extent of the work. In this table, the value for the flow rate is given
as Q,of 5and 25 m*/s and the value for the extend of the work is S000 m?.
#  The allowed imissions increased by VROM/V en W, The RIVM calculated allowed immissions are shown in parentheses.

i oo i st o i e, B il b o0 g s ofpreeicedad o i conrcon ekl
In order to make the re-use of the construction materials cement aggregate, phosphor slag,
and steel slag possible under category 1 conditions, the standards for construction materials
for barium, fluorine, sulphate and vanadium, respectively, have been adjusted by
VROM/V&W. VROM/V&W have also not reduced the leaching standards for category 1

construction materials for chloride and sulphide emitted from non-prefabricated materials to



8

the allowed immission, as calculated by the RIVM, but has left these at the level indicated
by the oBB. As a result of the decisions made by VROM/V&W to make re-use possible, a
greater than marginal burdening by these compounds is permitted. The compounds with a

greater allowed immission are also included in Table 1.1.2.

From immission requirements to emission standards for construction materials

The emission from construction materials must be such that the maximum allowed immis-
sions are not exceeded. Emission due to leaching from construction materials can take place
through contact with rainwater, groundwater or surface water. Contact with water can be
prevented by means of isolation. The measure of isolation determines the applicability of the
category 2 construction materials'' applied on or in the soil". The isolation of construction
materials applied to surface waters, considered to be difficult, although not impossible to
carry out, is not set down in the general valid isolation regulations. The application of
category 2 construction materials to surface waters therefore may therefore only be done with
V&W permits. In the Building Materials Decree, a difference is made between non-
prefabricated construction materials, applied in unbound applications, and prefabricated

construction materials'.

In contrast to applications to the dry soil, applications for surface water occupy various
routes of influence in the environment. A distinction is made between a route to the
(sediment) bed and a route in the direction of surface water. Both routes have been turned
into mathematical rules to be used for actual emissions. The allowed immission on the route
in the direction of surface water is partly dependent on the flow rate: the allowed immission
decreases with decreasing flow rate. With low flow-rates, the route in the direction of the
(sediment) bed is shown to be the measure for the quality which a construction material must

have. Besides the long-flowing water (flow rate), the water already present (volume of water

" Construction materials which do not leach more than the Ul limit value may be applied under the
conditions of category 1. Construction materials which do not leach more than the U2 limit value but
which do leach more than the Ul limit value, may be applied under the conditions of category 2.
Construction materials which leach more than the U2 limit values may not be applied outside. For the
application conditions, refer to the oBB. The manner in which actual examination takes place, where
sample size and spreading are considered, and also where it is also determined if a sample is applicable
or not, will be described in the Ministerial regulation "testing protocol”. In this regulation, the factors
mentioned in the explanatory note on page 114 (0BB) will also be included.

12 For precise definition see o0BB
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system) can also absorb leached pollutants. Keeping this in mind, the primary and secondary
construction materials most used in waterway construction can be applied virtually problem-
free within the defined boundaries in most waters. The limit flow rate below which the route
to the surface water becomes important is around 1.0 m%/s. This would mean that for a small
range of surface water flow rates it is necessary not only to calculate the route to the
(sediment) bed, but also to calculate the route to the surface water in order to determine the
maximum allowable emission. Within this range it also becomes necessary to look more
closely at the route to the surface water in relation to the volume of the water system. This
makes assessment in this range of flow rates complex. Since the materials most used in
waterway construction can also be used without too many problems in smaller surface waters,
the choice has been made to omit testing according to the route towards the surface water,

and in the range of flow rates below 1 m*/s. The advantages of this are:

a great simplification of the testing of construction materials.

a list of surface waters and flow rates is unnecessary.

there is no below-limit flow rate or acceptable emission and/or indication of construction

materials which may always be applied to surface water.

missing limit values for surface water do not cause problems in the testing.

1.2. The method of comparing measured emission with allowed immission

The Policy position note of the Minister dated June 1992 [2] determined that construction

materials may be applied on or in the surface water if:

- none of the composition standards for organic compounds are exceeded,

- furthermore, they are used in such a way that, even if no isolation measures are taken
(category 1 construction materials), or only if isolation measures are taken (category 2
construction materials), none of the immission values for inorganic compounds are
exceeded.

- the application of category 2 construction materials and type B  applications
(prefabricated construction materials) may only take place under permit for application to
surface water.

This means that immissions must be calculated from the emissions (leaching) measured in

13 Category 1 construction materials are distinguished according to their type of application; namely A and
B applications. A construction material in a type A application is virtually always wet. A construction
material in a type B application is only periodically wet, depending on atmospheric conditions.
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the lab (E,.,,). These calculated immissions (I) must be compared to the allowed maximum
immission (I,,), and be lower in value. For non-prefabricated (N) and pre-fabricated (V)
construction materials, separate equations, focused on the specific leaching test, have been
developed, keeping in mind the difference between leaching behaviour in actual practice and
that in the lab (see Part 1A and 1B). In the following sections, the equations for the
calculated maximum allowable emissions for N and V construction materials are converted
into calculated immissions (I.), given along with the correction factors for the difference

between leaching in the lab and in actual practice.

Calculated immission for non-prefabricated construction materials

The calculated immission from non-prefabricated construction materials is achieved with the

help of:

- a standardised leaching test (measured emission; E_,,(L/S=10): the column test (NEN
7343).

- the application height (h).

- an extrapolation factor (f,,(h,«,N;)) which shows the connection between the E,,,,(L/S=10)
and the period in which emission to the soil is allowed to take place (J=100 years or 1
year) for the burdening of the (sediment)bed of the surface water and for the burdening

of surface water (D=4 days).

RIVM/RIZA have suggested that, based on current developments, the leaching behaviour in

actual practice be taken into consideration as follows:

* Research has shown that natural soils also show leaching in the column tests when their
natural balance is disturbed. The emission was greater than to be expected on the basis
of the concentrations in the groundwater. Using the leaching values for metals in soil (E,
is equal to the correction factor a) is suggested as a temporary correction factor to
translate the leaching in the lab into actual practice, while waiting for more insight into

the factors which are responsible for the difference.

In the f,,(h,x,N,), the effective infiltration (N,) is also counted. This has been fixed at
N;=300mm per year for open applications (freely accessible to rainwater), and at N;=600mm

per year for applications in surface waters. Research is still ongoing on the actual isolation
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to be achieved in the structures of construction materials. The isolation regulations will be
expanded upon in a ministerial regulation (MR) as part of the Building Materials Decree.
Concerning the development of knowledge on isolation at dump sites, VROM/DGM have
calculated a value of maximum N;=6mm per year for the transport of water through an
isolating layer as a mathematical basis to determine the allowable emission from category 2
construction materials. For applications of these in surface water, isolation is considered to

be difficult to realise. The immission is calculated as follows:

I =d, *(E, uys-100~ D *h * [ NBEN) < L,

| . = maximum allowed immission (mg/m?).

I, = calculated immission in the (sediment) bed as the result of using a construction material (mg/m?).
d, = 1550 kg/m®; density construction material (kg/m?).

E,cups-100 = leaching from a construction material measured in the lab (mg/kg).

a=E = correction factor (see Table 1.2.1) for leaching from a construction material in actual practice

(mng/kg). For applications in the surface water, this factor has been set at zero in the calculation
of the immission in the surface water. The column test gives a realistic approach for the leaching
which will occur in actual practice.

h = the greatest height in which a construction material is brought into the works (m), with a minimum
of 0.2 m. If the same construction material is introduced in several layers, then h is the sum of these
layers.

f..n{0,k,N) = factor for the extrapolation of the measured emission by L/S=10 with the column test to the
emission over 100 years and for C1 and SO, over 1 year.

For applications on or in the soil

—x t * Ni
1 -e 1550 *» h
fext—N - 1 - e~x*10

For application in the surface water, the route in the direction of the (sediment) bed is the
measure, and is

t =N,
- K e
e 0l 4 (1 - ¢ * 1550 +

l_e—x*lo

foan =

= constant, measure for the rate of leaching (see Table 1.2.1.).

N; = effective infiltration (mm/y); 300 mm/y for category 1 construction materials and 6 mm/y for
category 2 construction materials. With applications of category 1 construction materials in surface
waters, the first leaching, which always goes to the surface water, is considered. The effective
infiltration is 600 mm/y instead of 300 mm/y. Category 2 construction materials remain allowable
under permit only for applications in surface water.

t = time (year); 1 year for chloride and sulphate, 100 years for the other compounds.

=
}
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Table 1.2.1. Correction factors for non-prefabricated construction materials for the diffe-
rence between leaching in the lab and leaching in actual practice

compound a=E; K compound a=E.; K
As 0.7 0.03 Se 0.03 0.38
Ba 0.9 0.15 Sn 0.03 0.19
Cd 0.021 0.50 \% 04 0.05
Co 0.18 0.20 Zn 2 0.28
Cr 0.09 0.18 Br 2.6 0.35
Cu 0.25 0.28 Cl 51 0.57
Hg 0.016 0.05 F 1.5 0.22
Mo 0.15 0.35 S0, 118 0.33
Ni 0.63 0.29 CN-complex 0 0.35
Pb 0.8 0.27 CN-free 0 0.35
Sb 0.02 0.11

Calculated immission for prefabricated construction materials

The emission from prefabricated materials is measured with a standardised leaching test, i.e.

the diffusion test (NEN 7345) over a period of 64 days. This is translated into an immission

over 100 years with the help of the effective diffusion coefficient (D,), stated as the pD,

(negative logarithm of the D,). A compound in construction materials with a pD,> 12 has a

low mobility, while a compound in construction materials with a pD,<10.5 has a high

mobility.

The emission standards given in the oBB for prefabricated construction materials were based

on the knowledge available at that time. On the basis of current developments, the RIVM

suggests that the leaching behaviour in actual practice be considered in the following manner:
* To correct for changes in the diffusion behaviour (f,,(h,x%,D,)):

- Reduction in the diffusion driving force due to exhaustion of the compound. This

correction is especially applicable to compounds with a high mobility and products with

small dimensions (h).

- Changes in the diffusion coefficient (D,) in time as the result of changes in the matrix

and/or the chemical form which determines the diffusion.

* The diffusion test assumes a continual wetness (type A applications).

Applying a

correction factor for construction materials which are made wet by rain (type B
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applications) is suggested for that part of the time in which the product is wet (x%).
* In the lab situation, the temperature is 20°C, while in actual practice the temperature is

an average of 10°C. Applying a correction factor for this difference (f,,,) is suggested.

Prefabricated category 1 construction materials are distinguished according to type of
application, namely types A and B applications. A construction material in a type A
application is almost always wet (x=100%). Examples of this type of application are an
embankment/bank/quay, a road base, a street or (part of) a wall which is made wet by
surface water or groundwater (also through capillary action of the soil). A construction
material in a type B application is only periodically wet, depending on atmospheric conditions
(x% =10%). Examples of this type of application are: a roof or the (top part) of a wall, as
long as the applications cannot be made wet (through the capillary action) by the groundwater
or the surface water. This type of application is constructed in such a way that the
construction materials are made wet during a certain period, in which wetting takes place

independent of atmospheric conditions.

Construction materials which, unisolated, can cause a greater than marginal burdening, may
be applied isolated. This isolation must then reduce the burdening to less than marginal. For
isolated, prefabricated (category 2) construction materials, it has been calculated that by
applying isolation, it is possible to achieve an isolation factor of x% =10%. For applications

in surface water there is continual wettening, and isolation is considered to be difficult to

carry out.

The calculated immission for type A applications, for type B applications and for isolated

applications is given in the following equation:

Ic = Emeas(64d) * f;xt—V(h’x%’De) * f;em < Imax

| . = maximum allowable immission (mg/m?).

I, = calculated immission in the soil as the result of the use of a construction material (mg/m?).

E cossiay = leaching from a construction material, determined in the lab (mg/m?).

feuv(h,x%,D,) = factor for the extrapolation of the leaching measured with the diffusion test into leaching for 100
years (see Table 1.2.2).

h = thickness of the prefabricated construction with a minimum of h = 0.1 m.

fiem = factor for the difference in temperature when determining the leaching of a construction material

in the lab and with the actual use of that construction material (see Table 1.2.2).
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Table 1.2.2. Correction factors f,,, (h,x%,D,) and f,, for prefabricated construction materials
for the difference between leaching in the lab and leaching in actual practice.

category 1 type A (x%=100%) category 1 type B (x%=10%) and category 2
(x%=10%)
fey fexey fem
pD,
(rounded| THICKNESS OF THE CONSTRUCTION MATERIAL THICKNESS OF THE CONSTRUCTION MATERIAL
off) th) (h)
0lm 02m O03m O5m O07m Im 2Zm 10m|01lm 02m 03m 05m 07m 1m 2m 10m
5 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 2 |07
6 1 1 1 1 1 1 1 5 1 1 1 1 1 1 1 5 |07
7 1 1 1 1 1 2 3 15 1 1 1 1 1 2 3 5 |07
8 1 1 2 2 3 5 10 15 1 1 2 2 3 5 5 5 |07
9 2 3 5 8 11 15 15 15 2 3 5 5 5 5 5 5 107
10 5 10 15 15 15 15 15 15 5 5 5 5 5 5 5 5 Jo.7
pD.2211 15 15 15 15 15 15 15 15 5 5 5 5 5 S 5 5 107
ClL SO,| 24 24 24 24 24 24 24 24} 08 0.8 0.8 0.8 08 08 08 08 |07

The leaching emission is measured using the diffusion test (in accordance with NEN 7345).
Judging if the emission is determined by diffusion is based on the direction coefficient from
the double logarithmic graph showing the time and the emission (for more details about the

calculation of the diffusion coefficient, see NEN 7345):

Direction coefficient > 0.6: The emission is not determined through diffusion. The
emission must be determined according to NEN 7343
(the column test).

0.35 < Direction coefficient < 0.6: The emission is determined through diffusion (correction
may take place, depending on the pD,).

Direction coefficient < 0.35: The emission is controlled by rinsing and/or exhaustion.
If rinsing is the case, I, can be calculated ("worst case")
with the measured emission (E,.,64). Which is not
determined through diffusion, and the factors for
compounds with pD.211. A column test may also be
applied (see above procedure under direction coefficient
>().6). If there is exhaustion of the available quantity
during the diffusion test, then the diffusion test must be
repeated with a greater volume of prefabricated

construction material (see NEN 7345).
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1.3. Comparison between maximum allowable emissions in the oBB and the Building
Materials Decree
In order to be able to compare the results of the adjusted calculation methods for determining
the standards with the standards of the oBB, the maximum allowable emissions have also
been calculated according to the adjusted calculation methods. In the oBB, the standard-
setting was such that although no demands were made for immission in the soil (I,,,), they
were made for the leaching of a construction material in the lab in the column test or in the
diffusion test. The following survey shows a calculation of what the maximum allowable
emission may be in the column test (Table 1.3.1) and in the diffusion test (Table 1.3.2) with

the maximum allowed immission, considering the proposed corrections.
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Table 1.3.1. Comparison of the standards stated in the oBB with the maximum allowable
emissions at L/S=10 from non-prefabricated construction materials according
to this report, measured in the column test for h=0.7m

LEACHING oBB standards maximum allowable emissions for
COLUMN- non-prefabricated construction materials non-prefabricated construction materials
TEST in mg/kg in mg/kg*
compound Ul U2 Sl cat. 1 cat. 2 *
As 0.30 3.0 375 0.88 7.0
Ba 4.0 40 7500 @3.1)55 27 58
Cd 0.010 0.10 10 0.032 0.066
Co 0.20 2.0 250 0.42 2.5
Cr 1.0 10 1250 1.3 12
Cu 0.35 4.0 375 0.72 3.5
Hg 0.005 0.050 5 0.018 0.076
Mo 0.050 0.50 125 0.28 0.91
Ni 0.35 4.0 250 1.1 3.7
Pb 0.80 8.0 1250 1.9 8.7
Sb 0.030 0.30 50 0.045 0.43
Se 0.020 0.20 50 0.044 0.10
Sn 0.20 2.0 250 0.27 2.4
v 0.70 7.0 1250 0.9) 1.6 (14 32
Zn 1.4 14 1250 3.8 15
Br 0.20 2.0 500 2.9 4.1
Cl 600 5000 5000 (240) 600 8800
CN-complex 0.050 0.50 125 0.067 0.38
CN-free 0.010 0.10 25 0.013 0.076
F 5.0 50 4500 (1.3)13 (52) 100
SO, 750 10000 25000 (576) 750* 22000

* The Cat. 1 standards for the application of construction materials in surface waters barely differ from those for application on or in the
soil. The application of category 2 and 1B construction materials in wet waterway constructions remains applicable under government
authority permit only. The standards for construction materials calculated by the RIVM on the basis of the definition of maximum
allowable burdening are shown in parentheses.

+ Recently the ministry of VROM has increased the maximum allowed immission for SO, in granular construction materials.

The adjusted standards presented here are calculated for a set of corrections which agree with
the starting points of the oBB, i.e. h=0.7 m for non-prefabricated construction materials and
h=0.3m and pD,>10 for prefabricated construction materials. In this way, a direct

comparison between the 0BB and the Building Materials Decree is possible.
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Table 1.3.2. Comparison of the standards in the oBB with the maximum allowable
emissions from prefabricated construction materials according to this report,
measured by way of the diffusion test for h=0.3m, pD,>11 in mg/m?

LEACHING oBB standards maximum allowable emissions for
DIFFUSION- prefabricated construction materials in prefabricated construction materials in
mg/m® mg/m?
TEST
compound Ul U2 S1 cat. 1 A cat. 2 & cat. 1 B *
As 25 125 750 41 140
Ba 350 1750 15000 (290) 600 (950) 2000
Cd 0.70 35 20 1.1 3.8
Co 15 75 500 29 95
Cr 90 450 2500 140 480
Cu 30 150 750 51 170
Hg 0.30 1.5 10 0.4 1.4
Mo 4.0 20 250 14 48
Ni 30 150 500 50 170
Pb 75 375 2500 120 400
Sb 2.5 13 100 3.7 12
Se 1.8 9.0 100 1.4 4.8
Sn 20 100 500 29 95
v 60 300 2500 97 230 (320) 760
Zn 125 625 2500 200 670
Br 20 100 1000 29 95
Cl 2250 11250 18000 54000
CN-complex 4.5 23 250 7.1 24
CN-free 0.90 4.5 50 1.4 4.8
F 440 2200 9000 (710) 1300 (2400) 4400
SO, 15000 45000 40000 27000 80000

A= type A application; B= type B application, see Chapter 8.2.6.

* The U1 standards for the application of construction materials in surface waters barely differ from those for the application on or in the
soil. The application of category 2 and category 1B construction materials in wet waterway constructions remains permissible under permit
only.

Standards for construction materials calculated by the RIVM on the basis of the definition of maximum allowable burden are given in
parentheses.

1.4. Comparison of the standards for the composition of construction materials in the
oBB with those in the Building Materials Decree

The RIVM has not made any suggestions on adjusting the standards for the composition of

construction materials. The RIVM was asked by VROM/DGM to calculate the consequences

of the re-use if the composition limits for inorganic compounds were to be cancelled, and if
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the composition limits for several individual PAHs, total PAH (10) and mineral oil were to
be increased, so that the re-use of cement aggregate, masonry aggregate, mix aggregate and
asphalt aggregate as category 1 construction materials would not be hindered. At the same
time, the difference between the S1 standards for organic components in prefabricated and
non-prefabricated construction materials was also cancelled. Table 1.4.1 presents the

standards of the oBB and the adjusted standards for construction materials.

Table 1.4.1 Composition standards for organic compounds for prefabricated and non-
prefabricated construction materials

COMPOSITION in mg/kg
non-prefabricated construction materials prefabricated construction materials
oBB standards adjusted standards oBB standards adjusted standards
combination s1 st s1 s1
Benzene 1.25 1.25 1.25
Ethylbenzene 1.25 1.25 1.25
Toluene 1.25 1.25 1.25
Xylene 1.25 1.25 1.25
Phenols 1.25 1.25 1.25
Aromatics (total) - - -
Naphthalene 0.5 5 1 5
Phenanthrene 3 20 5 20
Anthracene 3 10 5 10
Fluoranthene 3 35 5 35
Chrysene 0.5 10 1 10
Benzo(a)anthracene 25 50 50 50
Benzo(a)pyrene 3 10 S 10
Benzo(k)fluoranthene 25 50 50 50
Indeno(1,2,3cd)pyrene 25 50 50 50
Benzo(ghi)perylene 25 50 50 50
PAHs (total) 25 75" 50 75
PCBs (total) 0.5 0.5 0.5
EOCI (total) 3 3 3
Organochloro-pesticides (total) 0.5 0.5 0.5
Chlorine-free pesticides (total) 0.5 0.5 0.5
Mineral oil * 250 500 500

*  Asphalt cement, asphalt aggregate and crushed asphalt cement with more than 80% asphalt aggregate do not have to be tested according
to the standards for mineral oil.

** this value is 50 mg/kg for construction waste and demolition waste and the products made from this waste. In this case, testing for the
individual PAHSs has been cancelled.
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1.5. The environmental protection quality of construction materials

The RIVM has made a comparison between the available composition results and leaching
results of construction materials according to the standards for construction materials in the
oBB and the standards calculated by the RIVM/RIZA, and adjusted for some materials by
VROM/V&W. The construction materials studied were those mentioned in Appendix 1 of
the oBB, supplemented with the construction materials mentioned in the report "Definitions
and applications of stone-like construction materials - current state of affairs”, which was
drawn up at the request of the CUR/CROW/NNI [5] (see Appendix 11).

The test results of the composition tests (total destruction and aqua regina) and the leaching
tests (column tests, cascade tests and diffusion tests) were collected by the RIVM from
various sources such as VROM/DGM, RIVM, different research institutions, engineering
bureaus and industries. Full cooperation was given by all of these. The reports and analysis
results were mostly carried out at the request of the industries and/or the authorities. The
numerical information has been checked for quality by professionals at the RTIVM. Part of
the measurement results had to be rejected at first because it was not clear as to how the
measuring was carried out, or whether only the ranges were stated instead of the individual
measurement results. The data from the lab tests such as described in the oBB, and passing
the quality control, were entered into a database. The results of total destruction were
converted into aqua regina with the help of transformation factors.

The results of the cascade test were extrapolated to an equivalent for the column test. For
each construction material, the number of measurements, averages and standard deviations
of each material was calculated on the data in the database. Then, the tail probability, as well
as the accompanying confidence interval, were calculated per material and construction
material for each of the standard values. The basis was a binomial distribution of the measu-
rements in the sample (dichotomy) with reference to the standard values for construction
materials (percentage larger than the standard values).

It must be explicitly stated that dividing the construction materials into categories is
sometimes hampered by the small number of observations done per construction material
and/or the small number of measurements done per material. In some cases, critical
parameters were not measured or reported. This means that a construction material which
has been placed in a certain category based on the current available information, may later

on, when the Building Materials Decree is adopted, fall into another category due to new
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information. The RIVM considers the tail probability of the most critical material to be the

best estimate on which to base the categorical division.

Granular construction materials of natural origin

In the oBB this group is divided into natural construction materials (raw materials) which are
also found in the Dutch soil and natural construction materials which do not appear in the
Dutch soil. According to the oBB, the first group needs only to be tested against the target
value for soil quality. When the target value for soil quality is exceeded, application as a
category 1 construction material is possible. The second group, that of foreign, natural
construction materials not found in the Dutch soil, must meet the criteria for non-prefa-
bricated construction materials. Research has shown that after adaptation of the calculation
method to convert from immission requirement to the allowable emission, all the natural
materials investigated meet the criteria for category 1 construction materials, regardless of
their origin.

The construction materials studied were: clay, gravel, natural sand, de-silted sea sand,
limestone, basalt, flug sand and lava stone. The natural materials from the Dutch soil (the

first four mentioned) do not exceed the target value for soil quality.

Construction recycling materials

Aggregates, such as asphalt aggregate, cement aggregate, masonry aggregate and mix
aggregate from cement and masonry aggregate in which only primary raw materials are
processed fall, as a rule, completely or largely into category 1 construction materials. Sieve
sand and recycling breaker sand are category 1 construction materials because of their
metals. Sulphate is a critical compound which can cause part of the construction recycling
materials to be moved up to category 2. Sulphate can be removed through washing. A
high sulphate emission can also be prevented through selective demolition (e.g. separation
of products containing sulphate from construction waste and demolition waste). It must be
mentioned that for some compounds, however, there was sometimes only one measurement
available. The conclusions are therefore based more on the group of construction recycling

materials as a whole than on the individual construction materials. There is a chance that

14 Recently VROM/V en W raised the standard value for SO, in category 1 aggregates.
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aggregates, sieve sand and recycling breaker sand from products in which waste materials
have been processed, are moved up to become category 2 construction materials. This
depends partly on the leaching of the critical compounds out of the product, and on (ageing)
processes which lead to the stabilisation of the metals in the products during the phase of use.
The PAH and the mineral oil contents (composition) will not, after VROM/V&W increases
the composition standard, lead to rejection for re-use. In sieve sand, and to a lesser measure
in recycling breaker sand, organic compounds are present which could lead to a partial

rejection of the product.

Secondary raw materials originating through industrial processes

In this category, a division must be made between waste materials, which can also be applied
as independent granular construction material in non-prefabricated applications, and between
waste materials, which are always applied as filler material or as a gravel alternative in
products. In this last category are included: E fly ash, MSWI fly ash, jarosite end slag, ELO-
slag, copper slag and chromium slag. The effects of these secondary raw materials on the
emission behaviour of the products in which these materials are processed, are dealt with in
another section of this report (Part 2). The waste materials which can also be applied
independently as unbound material, supplementary material, and/or road base material are
MSWI bottom ash, E bottom ash, blast furnace slag and phosphor slag, and are all partly or
completely applicable as category 2 construction material. MSWI bottom ash will be almost
completely inapplicable in this form. This construction material can then only be applied in
the so-called "special category"”. Mine stone, blast furnace foam slag, granulated blast
furnace slag and blast furnace slag sand seem to be mostly applicable as category 1
construction materials.

LD slag is applicable as category 1 construction material after a process change. Some waste
materials in category 2 can be applied as category 1 construction materials if they are applied

in the road base layers currently used in road building (20 cm).

Products from primary materials
The emissions from products made from primary raw materials are mostly lower than the
acceptable emissions. Cement concrete, asphalt cement, rough ceramic products bricks,

calcium-silicate bricks and sand cement stabilisation are applicable as category 1 construction
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materials. These products are applicable in both types A and B applications.

A type A application can be continuously wet, for example, a road base. A type B
application is only made wet through rainwater, for example, a roof or a wall aboveground.
Aerated concrete blocks is only applicable as a category 1 construction material in type B

applications (as part of an outside wall, for example).

Products from primary materials with an addition of secondary materials

Cement concrete and asphalt cement with an addition of filler material of E-fly ash (8% and
50%, respectively), are applicable as category 1 construction materials in types A and B
applications. Rough ceramic products, calcium-silicate bricks and aerated concrete blocks
with E-fly ash (25%, 37%, and 57% respectively) are suitable for (several) of their usual
applications, because the products with E-fly ash can be applied as category 1 construction
materials in type B applications. Rough ceramic products with 40% E-fly ash (only if there
is less leaching due to higher firing temperatures), and calcium-silicate bricks with 9% E-fly
ash (lower percentage E-fly ash), are also applicable as category 1 construction materials in
A applications.

Sand cement stabilisation with 73% E-fly ash is not applicable according to the Building
Materials Decree. Porous masonry bricks!® are category 1 construction materials applicable
in type B applications. Bricks, aerated concrete blocks and calcium-silicate bricks are usually
used in layered constructions (type B application).

Calcium-silicate bricks with lownox E-fly ash or ash lime is applicable as category 1
construction material. Calcium-silicate bricks with fluid bed E fly ash is as category 1
construction material suitable for B applications. Cement concrete and asphalt cement with
MSWI bottom ash (8% MSWI bottom ash) are as category 1 construction materials suitable
for both types of applications. Asphalt cement with 2% MSWI fly ash is as category 1
construction material applicable in both types of applications. Asphalt cement with 60%

phosphor slag is as a category 1 construction material suitable for both types of applications.

15 These stones are generally not applied outside.
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Products of secondary materials

Lightly stabilised phosphor slag and phosphor slag are as category 1 construction materials
applicable in type A and type B applications. Stabilised MSWI bottom ash is as a usual
category 1 construction material applicable in B applications, and as a category 2 construction
material. A small part of the cement stabilised MSWI fly ash is suitable for A and B
applications as category 1 construction material. When developing products in which
secondary raw materials have been processed, it is suggested to also take into account the
second life cycle of a construction material, i.e. a construction recycling material. The
resulting aggregate must preferably be usable as a category 1 construction material. In any
case, the materials must be investigated and compared with the standard values again before

use.

The environmental quality of construction materials applicable in surface water

Crushed natural stone, gravel, sand, phosphor slag, LD slag and concrete elements are
applicable as category 1 construction materials. Phosphor slag and LD slag are also applied
as "prefabricated" construction materials in waterway construction. These construction
materials then fall into the same category as those for applications on or in the soil.
Concerning surface waters, the evaluation method which is suggested for the application of
construction materials on or in the soil is for the most part adhered to. Category 1
construction materials can be freely applied in surface waters but must be removable. The
application of category 2 construction materials and category 1 construction materials in type
B applications (only for prefabricated construction materials) remain allowable only under

permit of the authorities.

1.6. Re-use

A set of the most important waste materials re-used as construction materials is, for both the
situation in 1990 and in 2000, presented by Van Ruiten in his report [6] (Appendix III,
Figure A). An agreement has been made with trade and industry (see Appendix 13) that the
effect of standard-setting on re-usability and (re-)use is to be calculated with the help of this
set of construction materials. This set came into being through an intensive cooperation
between industries, and has also been accepted by VROM as the starting-point for

comparison.
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The set contains both construction materials applied on or in the soil and construction

materials applied in the surface water.

The state of affairs in 1993 and further developments

In the policy position paper is announced that when determining the acceptable emission from
construction materials, consideration can be taken of the method of the application in the
construction. For non-prefabricated construction materials, this is the height of the
construction material and for prefabricated construction materials, this is the thickness of the
construction material, a correction for exhaustion and ageing by way of the calculated
diffusion coefficient. Several construction materials, which are generally applied in layer
thicknesses of h=20-30cm (road base layers), will in comparison with the 0BB move towards
category 1 if this is taken into consideration, i.e. "freely applicable, but with the possibility
of being taken back". Construction materials which profit from this are: mix aggregate, E-
bottom ash and blast furnace slag mix. In Table 1.6.1., the application heights are counted
in the calculation. No calculated diffusion coefficients were available for the prefabricated
construction materials; a correction for exhaustion and ageing can therefore not be made.
Prefabricated construction materials which are located in category 2 on the grounds of fast
leaching compounds will benefit from this and move towards category 1 construction
materials.

It was not possible to fit a complete inventoried actual situation of the market in this report.
It was important that the shifting which could occur is mentioned so as to make a better
evaluation possible in 1993. An important shift is visible; for example, in the implementation
plan: Construction and Demolition Waste (branch’s document).

The combination of Van Ruiten’s calculations and the branch’s document "Construction and
Demolition Waste" formed the basis for the calculations in this report, of which the results
are presented in Tables 1.6.1. (1990) and 1.6.2. (2000).
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Table 1.6.1. Expected sales of construction materials (in ktonne) in 1990, based on the set
"Van Ruiten/branch document", the adjusted standard-setting according to Part

1 and the agreements made in the policy position note

division according to van Ruiten
type of construction material

division according to classes *

not to be
1990 dumped
"special
total cat.1. cat.2. category” or | to be dumped
applicable in
another
manner **
N1/V1: expected 7246 6482 764 0 0
N2/V2: expected 4083 3019 351 582 131
others: expected 100 61 39 0 0
total:  expected 11429 9562 1154 582 131

* The allowed corrections for prefabricated construction materials are not accounted for in this table.
** MSWI bottom ash applicable under "special category" and E-fly ash are currently fully applied in prefabricated

construction materials.

Table 1.6.2. Expected sales of construction materials (ktonne) in 2000, based on the set
"Van Ruiten/branch’s document", the adjusted standard-setting according to

Part 1 and the agreements in the policy position note

division according to van Ruiten
type of construction material

division according to classes *

2000 not to be
dumped
"special
total cat.1. cat.2. category" or | to be dumped
applicable in
another
manner**
N1/V1: expected 8299 7505 794 0 0
N2/V2: expected 6700 4346 190 1413 751
others: expected 200 161 39 0 0
total:  expected 15199 12012 1023 1413 751

* The allowed corrections for prefabricated construction materials are not accounted for in this table.
** MSWI bottom ash applicable under "special category" and E-fly ash is currently fully applied in prefabricated

construction materials.

Calculation of the costs

For a detailed description of the method for calculating the costs of dumping, inspection,

isolation and quality improvement, refer to Chapter 11. Table 1.6.3. gives the costs for 1990

and for 2000.
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Table. 1.6.3. Survey of the costs in guilders per tonne of construction material for 1990 and

2000
type of cost 1990 2000
dumping costs 125 250
inspection costs 0.15-0.40 0.15 - 0.40
isolation costs 10 10
isolation "special category" 32 32
quality improvement costs 10 - 100 10 - 100

A comparison is made in our report on the re-usability based on the standards in the oBB,
and the standards calculated by the RIVM/RIZA, and possibly adjusted by VROM/V&W.
From this can be concluded that by using the adjusted standards for construction materials
for the leaching and the organic composition, the total amount of re-usable construction
materials in the dump category is reduced by approximately 85% as compared to the oBB.
In the policy position note of June 23, 1992, the Minister of VROM indicated that these
construction materials could be re-used under a special category in the Building Materials
Decree. If it is kept in mind that the MSWI bottom ash is applied under the "special
category", and that E fly ash is currently fully applied in prefabricated construction materials,

then the reduction is even greater, namely 97%.

Furthermore, a shift of approximately 50% in the direction of category 1 has been realised.
MSWI fly ash and asphalt aggregate with tar are still mostly inapplicable as category 1 or
2 construction materials. The RIVM has only taken the environmental demands (re-usability
based on environmental grounds) into consideration. Aside from re-usability, aspects such
as market acceptance and price-forming also play a role in the quantification of effective re-
use. These aspects are not included. The RIVM expects that for many construction materials,
enough clarity has now been given concerning their environmental quality, so as to greatly

stimulate the market acceptance and thus the re-use of category 1 construction materials.
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Conclusions and market effects

In Tables 1.6.4. (1990) and 1.6.5 (2000), a survey is given of the possible costs connected

to the Building Materials Decree'. Several costs have not been calculated. These are the

costs of potential closing down of industries, as well as shifts in the market. Six scenarios
are given, in which the expected costs'’ have been included. For the band widths, refer to
the chapters in which the various posts are described.

1. First of all, a standard scenario has been calculated. In this scenario it is assumed that a
construction material is applied in that category to which it belongs according to its
expected quality. This quality, described in Part 2, is based on the available information.
If a construction material is applied in category 1 and/or category 2, and/or would have
to be partially dumped, then the costs are calculated per category, based on the amount
of construction material applied in the category concerned.

2. After this, a scenario was calculated in which all construction materials, or parts of the
construction materials which cannot be directly sold as category 1 construction materials,
are dumped. In this case, the category 2 construction materials or parts thereof, are not
applied isolated, but are dumped isolated. The part falling under category 1 is applied
(non-isolated). The net market effect is then Dfl.132 million per year in 1990 in
comparison to scenario 1. With an increase in the dumping costs to the incineration
charges, the difference can be as high as Dfl. 245 million per year in 2000.

3. Furthermore, the scenario is calculated when all the construction materials which cannot
be solely divided into categories 1 or 2 (and are therefore spread over these two
categories), are applied isolated. This also pertains to the category 1 parts. In Van
Ruiten’s set, these are the construction materials mix aggregate, E bottom ash, blast
furnace slag mix, phosphor slag and E fluid bed bottom ash. The construction materials
which fit completely into category 1 are applied (non-isolated). For 1990 this results in

Dfl. 34 million per year more and for 2000, Dfl. 27 million more in comparison to

16 1t should be mentioned that for both the Building Materials Decree and the acceptance of waste materials
at dumpsites, analysis must be done within the same parameters and tests. The analysis costs are
therefore barely influenced, either by application or by dumping.

17 price level 1990, excluding Value Added Tax.



28

scenario 12,

. The previous scenario is also been included in the calculations when all the construction
materials which cannot clearly be placed into one category (and so are divided between
categories 1 and 2) are dumped. This concerns both the category 1 and category 2 parts.
In Van Ruiten’s set, this concerns the construction materials mix aggregate, E bottom ash,
blast furnace slag mix, phosphor slag and E fluid bed bottom ash. Only those construction
materials which fit completely into category 1 are applied (non-isolated). For 1990 the net
market effect would be approximately Dfl. 564 million per year in comparison to scenario
1. The difference can add up to Dfl. 919 million per year by 2000 if dumping costs are
equal to burning tariffs.

. A scenario is then calculated in which sieve sand which must be dumped is processed to
be sold as a category 1 construction material. The other construction materials are used
according to scenario 1. In this case, the net market effect in 1990 concerning costs is
neutral (actually Dfl. -6 million per year) and in 2000, Dfl. -38 million per year cheaper.
If the high dumping tariff (Dfl. 250 per tonne) is applicable, then a saving of Dfl. -132
million per year can be achieved.

. Finally, a scenario is calculated where all stone-like construction waste and demolition
waste is treated to form construction materials which are usable as category 1 construction
materials. The other construction materials are used according to scenario 1. In
comparison to the standard scenario, this costs approximately Dfl. 77 million per year
more in 1990, and approximately Dfl. 1 million per year more in 2000. If the dumping
charges come to equal the incineration charges, then a saving of approximately Dfl. 77

million per year will be possible in 2000.

The costs for the Building Materials Decree will be around Dfl. 60 million per year in 1990,

and Dfl. 160 million per year in 2000. The choice for recycling or for dumping will result

in a shift in costs.

The scenarios mentioned as examples here are reproduced in Table 1.6.4. (1990) and in

Table 1.6.5. (2000, high dumping charges). The waste material prevention policy is directed

'® In the branch’s document Construction and Demolition Waste, it is expected that for 2000 all the
construction recycling materials will be offered as certified products. Certified construction materials are,
in general, of better quality (see Part 1). The result of this is that isolation costs are lower.
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towards prevention and re-use, so that the recycling of waste materials is preferable to
dumping. By recycling waste materials into re-usable products, the costs may rise to DAl.
150-175 million per year. From the evaluation it also appears that by guiding tariffs, the

recycling of waste materials can be stimulated.

Table 1.6.4 Expected market effects* in million guilders per year for various re-use
scenarios (data: 1990)

scenario category inspection coets total
set others
certainly cat. 2 “special dumping v-Ruiten
cat. 1 category”
1 . apply isolation: Mf 12 isolation: Mf 16 | dumping: Mf 16 | Mf | Mf8.5 || Mf
3 Construction Materials 15 54
Act 1993
2 apply dump: cat. 2 isolation: Mf 16 | dumping: Mf16 } Mf | Mf 8.5 || Mf
e cat 2also dumped plus Mf 144 1.5 186
cat. 2
3 . apply isolation : Mf 46 isolation: Mf 16 | dumping: Mf 16 | Mf | Mf8.5 || Mf
o definitely apply only incl. cat. 1 part 1.5 88
under cat. 1, others in
cat. 1 and 2 isolate
4 ot apply dump construction | isolation: Mf 16 | dumping: Mf 16 | Mf | Mf8.5 || Mf.
o definitely apply only materials in cat. 1 plus Mf 576 1.5 618
under cat. 1, others and cat. 2 cat. 2
dumped cat. 1 and 2 ’ ’
5 . cat. 1: apply isolation: Mf 12 isolation: Mf 16 see cat. 1 Mf | Mf8.5 || Mf
* cat. 2 isolate a"fi and recycle 1.5 48
recycle construction sieve sand:Mf
materials to be dumped 10
6 . cat. 1 apply and isolation: Mf § isolation: Mf 16 see cat. 1 Mf | Mf8.5 || Mf
¢ my‘:lt" al c'msfmc“m recycle all (concerns all 1.5 131
recycling materials construction remaining
recycling construction
materials materials)
Mf 100

*price index 1990, excluding Value Added Tax.
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Table 1.6.5. Expected market effects* in million guilders per year for various re-use

scenarios (data: 2000) with a waste materials policy in which the dump tariffs
increase to Dfl. 250 per tonne

scenario category inspection costs total
cat. 1 cat. 2 “special category" dumping set others
v.Ruiten
1 . . apply isolation: isolation: dumping: Mf1.6 [ Mf15 | Mf
*  Construction materials M 10 Mf 40 MF 188 255
Act 1993
2 apply dumping: isolation: dumping: Mf1.6 | Mf1S || Mf
e cat 2also dumped Mf 40 M 188 plus 500
Mf 256 cat. 2
3 i apply isolation: Mf 37 isolation: dumping: Mf1.6 | Mf15 || Mf
o definitely apply only incl. cat. 1 part Mf 40 M 188 282
under cat. 1, others in
cat. 1 and 2 isolate
4 . apply dump construc- isolation: dumping: Mf1.6 | Mf1S || Mf
o definitely apply only tion materials in M 40 MF 188 plus 1174
under cat. 1, others cat. 1 and cat. 2 Mf 929 cat. 2
dumped cat. 1 and 2
5 . cat. 1: apply and isolation: isolation: see cat. 1 Mf1.6 | Mf15 || Mf
s cat. 2isolate and recycle recycle sieve Mf 10 Mf 40 123
construction materials to sand Mf 56
be dumped
6 . cat. 1 apply and | isolation: Mf 5 isolation: see cat. 1 Mf1.6 | Mf15 || Mf
¢ myc}? all cmfmcum recycle all (concerns all MTf 40 162
recycling materials construction remaining
recycling construction
materials Mf 100 materials)

* price index 1990, excluding Value Added Tax.

1.7 Testing procedure

For details see RIVM report 771402010 and chapter 11.3

A first initiative for a testing procedure is as follows:

delimit a batch of 2000 tons of construction material or the entire batch if this is smaller
than 2000 tons.

take at least 12 a-select increments from this batch according to NEN 7300.

join these increments a-select to at least c=3 mix samples of at least m=4 increments
each (each sample the same number of increments).

measure the sample characteristics to be tested per material according to the NEN 73xx

series.

calculate per material (i) the average ( x ;) of the measurement results of the three or

more mix samples.

reject the sample if x ; > rejection factor * testing value for material i (T)).
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Read off the rejection factor in table 2 and the testing value in appendix 1 of the Building
Materials Decree in case of 3 or 4 mix samples of 4-20 increments each.

Note: for other values of ¢ and m, the rejection value can be calculated with equation 4:

1282 % VCppp * (| L + 1+
—_ n c
x;, AW, =T x AF =T, * e

i

5 “)

in which n=c*m.

Table 2. Rejection factors (AF) for various ¢ and n for VC,,,=0.25.

number of takings per sample
4 8 12 16 20

VC

category VC. i | VCineas

3 samples
non-prefabricated: leaching | 0.65 0.60 0.25 1.34 1.27 1.25 1.24 1.23
and composition (organic)
prefabricated: leaching 0.45 0.38 0.25 1.26 1.23 1.22 1.22 1.22

4 samples
non-prefabricated: leaching | 0.65 0.60 0.25 1.28 1.23 1.22 1.21 1.20
and composition (organic)
prefabricated: leaching 0.45 0.38 0.25 1.22 1.20 1.19 1.19 1.18

VC = variation coefficient see for more information chapter 11.3.
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2. INTRODUCTION

2.1 Research approach

In 1991, the draft Building Materials Decree (0BB) was published in the Staatscourant [1]
for public insight. In the oBB is published a list of compounds with the accompanying
leaching and composition standards for construction materials. These indicate under which
conditions construction materials may be applied on or in the soil (appendix 2 of the oBB).
The supporting standards calculations were at that time (1990/1991) carried out by the
National Institute for Public Health and the Environment (RIVM), based on the definition of
marginal soil burdening and the knowledge at that time [7].

The evaluation of the consequences of the oBB for the applicability of construction materials
and waste materials at that time were based on the Mammoth-study [8] and other studies [9].
In 1992, the RIVM was asked to draw up a report with respect to a definite Building
Materials Decree. Based on the choices made, as well as on additional information received,
a first version of this report appeared in 1992,

As the result of this report and comments given, the Ministry of VROM has issued a policy
position note [2]. The first version of this report, and its related parts in the policy position
note, were discussed in four meetings with the construction industries (appendix 13). This

report is the final version.

In the oBB, a list is given of those materials which can be applied under certain conditions
without being tested according to the standards (appendix 1 of the oBB). According to the
oBB, this list would be valid during a certain transition period. After this period, the testing
would be carried out according to appendix 2 of the oBB. To divide the construction
materials according to appendix 1 of the o0BB, composition data and leaching data, achieved
through certain tests, was used. The construction industries remarked that there was an
insufficient balance between re-use and the protection of the soil. Furthermore, according to
the industries, the testing according to appendix 2 would already be casting its shadow
because of the limited period of validity of appendix 1. This would be strengthened by the
discrepancies between the division of construction materials into the categories in appendix
1, and the division which would be achieved if these construction materials would be divided
according to the standards for construction materials as given in appendix 2. This would lead

to an undesirable marketing behaviour of construction material users.
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Permit-controlling authorities and users would, according to the expectations of the
industries, informally test the secondary raw materials which are listed in appendix 1
according to the standards for construction materials as stated in appendix 2, and allow these
results to count when making a decision. This is signalled in the report "Quantitative
Inventory of Possible Financial-economic Aspects of the Building Materials Decree" [6].
Also, the falling out of secondary raw materials is brought into focus, and the consequences
for the necessary dumping room is indicated in above mentioned report. However, it is also

stated that the costs and the savings indicated, are necessarily based on many assumptions.

The Directorate General for Environment (VROM/DGM) of the Ministry of Housing, Spatial
Planning and the Environment (VROM), has asked the RIVM (January 1992) to give an
objective survey of which waste materials streams or parts thereof are not, or are only
partially, suitable for re-use, if they would be tested according to the standards for

construction materials as stated in appendix 2.

Besides the construction materials mentioned in appendix 1, all the existing forms of
construction materials use are included in the evaluation in this study. These methods of use
are inventoried in the CUR/CROW/NNI report "Definitions and Applications of Stone-like
Construction Materials - Current State of the Art" [S].

Another objection raised by the industries is the difference between leaching in the lab and
leaching in actual practice. To be able to compare, to test, and to divide construction
materials into categories, testing methods have been developed which, based on lab tests,
give insight into the composition and the emission behaviour of construction materials. As
a rule, construction materials must be applied in such a way that they do not lead to the

burdening of the soil and of the surface water.

In the oBB, a limited burdening of the soil and the surface water is permitted. The standards
for the construction materials in appendix 2 are indirectly based on the effects for humans,
plants, animals, and the ecosystem [10]. A direct relationship between the standards for the
burdening of the environment, and the risks involved, is still too complex to achieve a

complete survey of the results per type of activity and per location.
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The maximum allowed burdening is defined by the government in the oBB on a product
level, based on the criteria of marginal burdening, with the accompanying numerical
calculation. The standard setting has as goal to give general standards and rules, which in
most of the situations do not lead to a relatively high rise of the burden of the soil with
substances in comparison to the target values for soil quality, and the concentrations of
substances in the surface water in comparison to the limit value for surface water quality.
This goal, and especially the question of whether there is enough protection of the
groundwater and the soil, is currently being studied by the RIVM, in cooperation with the
LUW (modelling research'®). It is being researched whether closer study by the RIZA is
necessary about the question of enough protection of the surface water. Detailed knowledge
about the relationship between the leaching behaviour in the lab and in actual practice is not
yet available. A large variety of processes in the construction material and in the soil make
this modelling study, and verification of this model through experiments, very complex. The
calculations for the oBB actually assume that this relationship is one to one.

In this report, suggestions are made as to how the results of the leaching test can be
interpreted, so that these results connect better with the leaching in actual practice. These

suggestions are based on the current knowledge and insights.

Finally, in many objections, the composition criteria is questioned. This criteria has two
protection goals: it functions as an extra guarantee since there is still little experience with
the suggested leaching tests; and it reduces the consequences in case construction materials
are not able to be taken back or should become mixed through the soil, despite the
prohibition on their being mixed and despite the requirement for their ability to be taken
back. This can occur during construction, demolition, or through wear and tear during use.

The comments which have been given? [11,12,13] are not unanimous. In the report, the

possible effects of the composition criteria are evaluated numerically.

' Results are published in 1995. A summary of the results is reported in chapter 10.6.

2 That is, the suggestions given by the Council for Water, the CRMH, and the Technical Commission Soil
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With the appearance of this report, the first version of this report, as well as RIVM
report 738504011, is cancelled [7]. Neither of these reports will be distributed anymore.

Definitions focused on standard-setting for construction materials in this study

Immission

Emission

Accepted immission (I,

Measured emission (E,.,,) or leaching

Calculated immission (1)

Maximum allowable emission (E,,)

Compound

burdening a compartment (soil or surface water)
with compounds from construction materials, in
mg/m?,

the discharge of compounds from a construction
material to a compartment in mg/kg or mg/m’,
burdening a compartment (soil or surface wa-
ter), which is acceptable to the Dutch Ministry
of Housing, Spatial Planning and Environment
and indicated in mg/m>.

leaching of compounds from a construction ma-
terial in mg/kg or mg/m’ measured in the
laboratory.

an immission derived from leaching in the
laboratory and corrected for differences between
laboratory leaching and actual leaching
(lab/actual differences) in mg/m’.

an emission derived from the acceptable im-
mission in which lab/actual differences for
prefabricated and non-prefabricated construction
materials are taken into consideration in various
ways, in mg/kg or mg/m’.

inorganic compounds (metals, anions) and

organic compounds (PAHs, mineral oil, etc) -



PART 1

STANDARDS
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3. INTEGRATED WASTE MATERIALS POLICY

The waste materials policy in The Netherlands on the one hand is based on an optimal use
of natural materials and secondary raw materials, and on the other hand on the reduction of
waste materials which must be dumped. In this policy, key ideas are: prevention of the
occurrence of these waste materials; separation of waste materials at the source; re-use;
recycling; and useful applications.

Besides volume prevention, there is also qualitative prevention, that is to say improvement
in the quality of the waste material, which is of great importance for re-use. The development
of the policy must take place within the margins of air quality, soil quality, groundwater and
surface water quality, radiation protection, and spreading of harmful substances into the
environment. Governments have the task to set standards for the quality of the soil, the water
and the air, and to determine the allowable immissions. From there on, it is possible to
calculate back to acceptation requirements for waste materials which are respectively re-used
or processed through certain removal systems. In these systems, emission-limiting facilities
are of importance. The industries can focus in on this by developing technically and
economically profitable waste materials processing systems.

Governments can steer by setting tariffs for the various systems, and by giving financial
support. The feasibility is determined by the processing costs, the processibility of a product,
the energy efficiency, finding a suitable removal method for the concentrated waste materials

which occur during the removal, and the selling capacity of the product.
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4. POLICY STARTING POINTS: LIMIT VALUES AND TARGET VALUES

In the effects-directed environment policy, interconnected goals can be formulated which
must be applied everywhere or in certain areas. In the policy position note "Environment
Quality Goals for Soil and Water" (Milbowa) [10], general environment quality goals have
been determined.

A difference is made between target values which indicate the final goal, and the limit values
which serve as sub-goals. Target values and limit values are connected to the risk margins
for humans, plants, animals, and the ecosystem [10]. For target values, there is a negligible
risk (VR), and for limit values, there are risks which are less than or equal to the maximum
allowable risk (MTR). The target values in the Milbowa are for an important part based on
a risk-evaluation which is presented in the RIVM report "Aiming for values"[14].

Based on the current knowledge, it is not possible to just simply set target values for heavy
metals, arsenic, and nutrients on the basis of maximum allowable risk levels. The target
values for several metals (such as cobalt, molybdenum, tin, and barium), salts, and cyanide
are placed on the level of the background values as they have been measured in relatively
unburdening terrestrial and aquatic soils in The Netherlands®. For more detailed
information, refer to the NMP [15], the notice "Handling Risks"[16] and the notice Milbowa
[10]. In the cabinet’s viewpoint concerning the Milbowa notice, the target values and the
limit values are determined according to their use in carrying out the environment policy.
Since target values developed on the basis of ecotoxological risk evaluation have not been
developed for every compound mentioned in the oBB, immission standards cannot be directly
related to the possible effects on organisms. This relationship does exist indirectly for the
background values. The background values for these metals are regarded as a first estimation

of a negligible risk level.
The quality of the Dutch surface water is for an important part determined by the quality of

the river water which enters the Netherlands.

*' The background amounts in the soil and in the sediment are described in the target values already existing
(A-values in the Guide for Soil Sanitation, the reference values for soil quality or values for the general
environment quality for the sediment bed of surface water). The target values for surface water are converted
from the values for soil and sediment with the help of partition coefficients. The background values for
groundwater are based on measurements given in the National Groundwater Measurement Network.
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In the Third Notice on Water Care [3], it has been chosen by way of policy to use limit
values, instead of target values, for the surface water quality. In future policy documents,

the level of the target values may be added.

In due time, adaptations in the evaluation of the quality of construction materials, based on
the risk approach, may become necessary when the translation of the risks per compound to
the various environmental subjects is completed. In The Netherlands, the target values and

limit values mentioned in table 4.1. are used.

Table 4.1 Target values for soil and groundwater quality and limit values for
surface water quality in The Netherlands.

compound soil groundwater surface water
mg/kg ugll g/l
As 29 10 10
Ba 200 50 (150)
Cd 0.3 0.4 0.2
Co 20 20 @
Cr 100 1 20
Cu 36 15 3
Hg 0.3 0.05 0.03
Mo 10 5 (10)
Ni 35 15 10
Pb 85 15 25
Sb 2.6) NA @
Se ¢ NA ©0.5)
Sn 20 10 0.25)
v (68) NA )
Zn 140 65 20
Br 20 300 8000
Cl (200) 100000 200000
F 500 500 1500
SO, (500) 150000 100000
CN-complex 5 10 (&)
CN-free 1 5 NA

- values taken from the "Policy position note concerning the Milbowa Notice" (Feb. 2, 1992)[10] and the "Third Notice on
Water Care"{3], except the values between brackets.

- NA = not available

- antimony, selenium and vanadium from [4].

0 concluded from this report.
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5. ENVIRONMENT HYGIENIC POLICY STARTING POINTS IN DETERMINING
STANDARDS FOR CONSTRUCTION MATERIALS

The following starting points have been determined by VROM/V&W to develop the

determining of standards for construction materials:

- The setting of standards must be independent of the national variations of concentrations
in a compartment and independent of the diversity in biotopes. This to ensure uniformity
in legislation as well as the enforcement of the standards. For construction materials, this
means that the standards must be independent of the type of soil or surface water on or in
which the construction materials are applied, with the exception of applications on salty
or brackish soils.

- In the standard setting, emission contributions from other local and diffuse sources have
not been counted, which does not imply, however, that these are not of any importance.
It does mean that, when calculating the maximum allowable burdening of the soil, the
burdening by compounds from the dry and the wet deposition or from the groundwater are
not included in the setting of standards for construction materials. In the same way, when
calculating the maximum allowable burdening of the surface water, the burdening by
compounds from the deposition, or from surface water which enters the Netherlands (local
and diffuse), are not included in the standard setting for construction materials.

- When setting standards, no difference must be made for primary and secondary raw
materials.

- The setting of standards must be based on the average concentrations/emissions, and not
on the course of the concentration and/or the course of the emission from the source over
time. When developing the standards, the course of the concentration, however, can be kept
in mind, for example when a peak-burdening occurs. For the setting of standards for the
application of construction materials in the surface water, the course of the concentration
and/or the course of the emission from the source in time is of great importance,
considering the large liquid (L) - solid (S) ratio and the thereby accompanying high initial
release of compounds.

- For the sake of the calculations for the standard setting, the emission of compounds from
a construction material is regarded as being burdening to one compartment only, that is to

say that in the calculations, it is assumed that there is no spreading of the compounds over
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more than one compartment.

- The soil and the groundwater under the application must in their potency remain suitable
for all their possible natural functions (multifunctionality).

- The surface water around the application must in its potency remain suitable for general
functions and goals such as: bringing and removing ice, water and sediment, drinking water

supply, nature and landscape, ecology, etc.

Through these policy choices, and by relating the allowed immission to the target values (soil
and groundwater) or to the limit values (surface water), and not to the local concentrations
in a compartment, the resulting standards are applicable to each construction material and in
each area and surface water (WVO area). In protected soil areas, groundwater areas, and
surface water areas, provinces can set additional requirements if necessary, on the grounds

of the Soil Protection Law.
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6. MAXIMUM ALLOWABLE BURDENING

Regarding the burdening of soil by construction materials which are applied on or in the soil
and in the surface water, four types of burdening can be distinguished. These are zero
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burdening, neutral burdening®, marginal burdening, and stand-still*. Besides the policy
concerning the soil, groundwater, and surface water, and the policy concerning the spreading
of environmentally dangerous compounds, there is also (as part of the waste materials policy
and the policy on natural sources) stimulation towards re-use, in order to restrict the
exploitation of natural raw materials as much as possible, and to minimize the volume of the
waste materials to be dumped.

The application on or in the soil (including the sediment bed of the surface water) of
(secondary) raw materials and products in which waste materials have been processed and of
which the compound concentrations exceed the target values, or which emit harmful
compounds, is generally undesirable from the viewpoint of soil and surface water protection
and spreading of harmful compounds. Waste materials which are suitable for re-use as
construction material, or products in which waste materials have been processed, as a rule
have for one or more compounds, a higher emission and/or composition concentration with
respect to the target values for soil quality, or the limit values for surface water quality.
Products and waste materials which do not (lead to zero burdening) or which barely do not
emit, are not possible to realize with the current production techniques. The same applies to
certain natural raw materials and products made of natural raw materials. As a result of
percolating water and along streaming water, chemical compounds leach out in greater or
lesser amounts from construction materials. This leads to a certain burdening of the
environment.

With an eye on re-use, it has appeared necessary to offer more room than would be applicable
with a zero burdening or a neutral burdening. Within the environment policy, rules have been
made for actions which lead to local soil burdening and burdening of the surface water. The

choice has been made for maximum allowable immissions which are deduced from the

definition of marginal soil burdening and surface water burdening.

”  Immission in the subject concerned is equal to the emission (input = output).

2 Stand-still means that the emissions through human action is fixated on the current practice.
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For the application of waste materials as construction materials, the ministry of VROM has
determined how much burdening of a compartment can be permitted (maximum allowable
immission). A general definition of a maximum allowable immission is as follows:

"an immission of a compound which throughout a certain time period may lead to an

averaged extra local burdening of a compartment which is permitted *by way of policy’".
Extra means: aside from burdening from diffuse and other (local) sources.
When determining whether a burdening is marginal, it would be of importance to discover
how the calculated "extra” risk is related to the VR and the MTR, keeping in mind the current
quality of the environment and the contributions by other sources. This verification is,
however, not possible with the current knowledge. The maximum allowable immissions are
related to the changing of the current soil quality and the surface water quality respectively,
with a fixed value for the target value and the limit value respectively. Adaptations to the
target values and the limit values are of immediate influence on the maximum allowable

immissions and on the setting of standards for construction materials.

6.1 Soil
For waste materials which in The Netherlands are applied on or in the soil (including the
sediment bed of the surface water), for example as secondary raw materials for roadway and
waterway construction, the oBB describes the maximum allowable burdening of the soil as
a very minute increase of the concentrations of compounds in the solid phase of the soil, and
the protection of the groundwater at the level of the target values for groundwater; "marginal
soil burdening". The mathematical equation of the policy concept "marginal soil burdening"
in the oBB is the following [1]:
"A burdening as the result of leaching from a construction material which leads to a 1%
increase of a compound in the solid phase of the soil compared to the target value for soil
quality in 100 years averaged over the first metre of a soil considered to be homogeneous."
Furthermore it is accepted that the actual distribution over the compartments does not lead

to an unacceptably high burdening for any of them.
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6.2 Groundwater

The application of construction materials results in the moving through the soil of compounds
which leach from the construction material (via water percolation or via along streaming
water). For this reason, in the standard setting, it should be considered whether the burdening

is limited to the source and the direct area around the source, or whether it moves further on.

This extra criteria is difficult to quantify. In the explanation of the 0BB, three comments can

be made regarding the standards:

1. according to the oBB, category 1 construction materials®® may also be applied in the
groundwater and in large streaming surface waters without isolation having to be applied.
Just as with applications above the groundwater level, it is not only the soil which is
burdened, but also the groundwater and the surface water.

2. The setting of standards for chloride and sulphate is not based on the definition of marginal
soil burdening, but does have the same sort of relationship to the target value for
groundwater quality.

3. It is stated in the oBB that in the protection of the soil at the level of marginal soil
burdening, the groundwater is protected at the level of the target value for groundwater,
and that also the large streaming surface waters are protected in an acceptable way with

the standards stated in appendix 2.

In the definition for marginal soil burdening, one reads "the top meter". In the oBB
explanation of the oBB, it appears that this quantification is not only used as a mathematical
unit in the calculation of the standards, but is also indicative for the dimensioning and
locating of that part of the soil which is permitted to be burdened "in small amounts" by
construction materials. It is, however, not likely, and therefore also not a starting point, that
the accumulation of leached compounds take place equally over the first meter.

For the oBB, it is assumed that also with such a spreading (during time), in general no
unacceptable situations would result, as long as the total burdening remains within the limits
of marginal soil burdening. If the absorption of compounds into the soil is relatively large,

and/or the percolation by water very small, then the moving of the compounds will remain

* For a description of V and N construction materials and the accompanying demands, refer to the oBB.
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relatively small, and the burdening of the soil will be limited for many years to the direct
surroundings of the construction material. This situation is for now adopted by the oBB for
metals. The acceptance is evaluated in chapter 10.

In practice, then, under the application, local increases of more than 1% can occur, depending
on the behaviour of the compounds in the soil; averaged over the first meter, however, is not
allowed. These local increases are deemed acceptable by DGM. The localization of the
burdening (this can also be more than 1m beneath ground level) is not important for
calculating the standards, but it is important for the groundwater. If the compounds do not or
barely absorb to the soil, then burdening of the groundwater is already possible with a
relatively small percolation. This situation occurs in the case of mobile anions such as
chloride and sulphate [17]. This is also apparent in a comparison of the concentrations of
these compounds in the rainwater and in the groundwater in the Netherlands (Table 6.2.1.).
The oBB lacks a numerical basis regarding the protection of the groundwater, as well as the
mathematical working out of the standards for construction materials for chloride and sulphate
[17]. Regarding groundwater and surface water, decisions have not been made as to how the
principle of "protecting the groundwater and surface water at the target value level" can be
realized, nor is it possible to fall back on knowledge about the actual transportation behaviour

and the risk-evaluation coupled to this.
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In order to make an objective judgment of the standards for C1 and SO, for construction
materials, a choice is necessary. In order to gain more insight, the RIVM is carrying out
research to the behaviour of compounds in the soil which come from construction materials
(development of a transportation model). The results of this study will become available in
1995%. After this time, on the basis of this study, it will probably be possible to develop an
integral standard setting for both the soil and the groundwater’; that is to say, a standard
for compounds based on one or more target values. It is now not possible to give a general
indication of the amounts, nor an indication of when certain compounds from construction
materials can enter the groundwater, except for chloride and sulphate for which a burdening
of the groundwater can be expected to occur quickly. DGM has stated, in advance of the
results of the RIVM studies mentioned, that with regards to chloride and sulphate, the
groundwater for these compounds must be protected at the level of the target value for
groundwater. The allowable burdening of the groundwater quality by chloride and sulphate

is defined as:

"A burdening as the result of leaching from a construction material which leads to a 100%
average increase of the target value for groundwater quality in the first year for chloride

and sulphate in the percolate which is, or becomes, groundwater."”

Two situations can then occur, namely:

a)  The construction material is leached by percolating or along streaming rainwater with
relatively low concentrations of chloride and sulphate. In the first year, groundwater is
got at the level of the target value, and the concentration decreases in the following
years.

b)  The construction material is leached by an equal amount of groundwater as mentioned
under a) with the quality of the target value. For chloride and sulphate, this results in
at the most a doubling of the target value. After that, the concentration decreases, but
will stay above the target value for more than ten years.

The actual concentration is determined by dilution and the current concentration of the

% A summary of the results of this research is reported in chapter 10.6.

% This does not mean a simple adding up of both types of burdening, but a standard setting which keeps in mind
more the actual behaviour of the compounds in the soil.
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groundwater at the site. In chapter 10, this is further worked out.

Protection of the groundwater at the level of the target value for groundwater is in situation
b) only possible if the current concentration of a compound in the groundwater is below the
target value, because the first percolate generally has a concentration which is higher than the

target value.

For the duration of the emissions to the groundwater, the method of emission is of

importance. Two methods can be distinguished, namely:

I an emission which is chiefly the result of the dissolving of compounds. This usually
occurs directly after the application of a construction material, and results in a short,
relatively high, peak burdening. Concerning the surface water, there is always a peak
burdening for granular materials because of the method of application (during the
dumping of bulk materials, relatively large amounts of water compared to the amount
of construction material).

II.  an emission which is the result of the diffusion of compounds. The burdening is more
spread out. For prefabricated construction materials, there is usually a long-term

burdening brought about by diffusion.

6.3 Surface water

When there is leaching of compounds to the surface water, the pollution is not restricted to
the direct environment of the work, but is spread by the along streaming surface water. Since
the volume of the water which is burdened with the emitted compounds is replaced by fresh
water, the increases which occur are to be seen as temporary. Compared to groundwater, the
dilution of the compounds is much greater. In a dynamic system such as surface water, the
compounds which come from construction materials will spread over a wide area. As a result,
it is now not yet possible, compared to the soil, to determine an acceptable long-term
burdening for the application of construction materials. The greater spreading of the
compounds which enter the surface water (and by this cause a lower effective increase, but
over a larger area), leads to the fact that in general, the marginal burdening of the soil (higher
effective increases, but in a more limited area) on the long term will be much more critical
with respect to the application possibilities of construction materials.

Also, the processes which describe the exchange of compounds from construction materials
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into the surface water, are not able to be quantified very well, especially on the long term.

It is possible, though, to determine an allowable short-term burdening for the application of
construction materials, because the influence of the surface water in the direct surroundings
of the application can be taken into consideration. During this short-term period, the amount
of dilution is dependent on the speed of the streaming surface water; a factor (flow rate)
which has been kept in consideration in the definition of the allowable burdening of the

surface waters. The allowable peak burdening is defined as follows:

"A cumulative burdening from out of the entire work area bordering on the surface water
as the result of leaching from a construction material, which at the most leads to an
average increase of 10% of the limit value for surface water quality in the long-flowing

surface water (flow rate) considered homogeneous for a period of four days."

The averaged tempo in which a construction can be realized (construction tempo) is kept in
mind. For construction materials whereby the leaching is determined by washing and
dissolving, the leaching reduces greatly in time.

For construction materials whereby the leaching is determined by diffusion, the leaching
reduces less strongly over time. In combination with the construction tempo, for the category
of construction materials first mentioned, the leaching is the highest during the first 4 days
of a total construction period, and for the last mentioned category of construction materials,
the leaching is the highest at the end of the construction period (the last 4 days).

There are no dissolving restrictions when the compounds dissolve, due partially to direct
contact with large amounts of water. The increase of 10% of the limit value in relation to the
period of 4 days and the increase being of temporary nature, makes it possible to relate the
calculated increases to the standards for acute toxicity. The measure of the allowable increase
with respect to the limit values is such that levels in which acute toxic effects can occur, will
not be exceeded. To relate the toxic effects with another, especially longer, time period,
detailed knowledge about the duration of exposure and toxicity levels is necessary. This

knowledge is available in a qualitative way, but not yet enough in a quantitative way.
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6.4 Emission and immission surface area

To calculate the acceptable emission, the surface area of the receiving compartment for which
an acceptable immission has been defined is of importance. This surface area is on the one
hand defined in the definition for the allowable immission and on the other hand in the
definition of the immission surface. For all applications both on the soil and the sediment bed
of the surface water as well as in the groundwater and the surface water, the emission surface
and the immission surface are seen as equal in the calculations.

For applications of granular construction materials in and on the soil as well as prefabricated
construction materials in the soil, this is generally evident.

For a prefabricated construction material on the soil, for example a wall, it is assumed in the
calculations that one square meter of wall emits to one square meter of soil surface area. In

figure 6.4.1. - 6.4.6., the situations most often occurring are reproduced schematically.
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7. CALCULATION OF THE MAXIMUM ALLOWED IMMISSION

The maximum allowed immission (marginal burdening) is composed of a time factor, a
dilution and/or volume factor, a concentration, and a receiving environmental compartment.
The concentrations of compounds in the various compartments can be very different from
place to place. In the calculations it will always be assumed that the receiving (local) part of
the soil or groundwater contain the target value quality, and that the surface water contains
the limit value quality. The contributions of the compounds in the rainwater are not included
in the calculation of the maximum allowed immission, because the standard setting in this
general legislation does not keep in mind the contributions from other local or diffuse
sources” (see chapter 5). The transportation of compounds from an application of a
construction material which is applied completely above the average highest groundwater
level® to a receiving compartment takes place especially through percolating (granular
applications) or through along streaming rainwater (prefabricated applications). Transportation
by way of diffusion (without percolation) from granular construction materials can also play
a role, but, in anticipation of the results of further research, it is accepted that the load of the
diffusion-determined transportation of compounds to the soil for the time period considered,
is negligible and therefore does not have to be included in the calculation at this point in time.
For applications below the groundwater level and in the surface water, the transportation takes
place by way of percolating (granular applications) or by along streaming groundwater and
surface water (prefabricated applications).

The dissolved compounds spread themselves, depending on the dispersion coefficient, over
the solid and the liquid phase. As the result of behaviour in the soil, absorption, dispersion,
etc., retardation and dilution will take place. The measure in which these processes manifest
themselves determines whether a peak burdening dominates or a continuous burdening. The
compounds in the prefabricated construction will diffuse and spread throughout the soil when

they come into contact with water.

7 The cumulation of emissions will of course be included in the risk evaluation to be carried out in the future.

* Completely and acceptably above the average highest groundwater level is defined in the 0BB as the lowest
point of the construction material in the construction is situated 50cm above the average highest groundwater
level.
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7.1 Maximum allowable immission in the soil for construction materials
The maximum allowable immission of a compound in the soil during 100 years for a 1 meter
thick soil is according to the definition calculated at 1% of the target value for groundwater
quality. For constructions above the groundwater level, the rainwater functions as a transporter

(figures 6.4.1. and 6.4.2.)

This results in the following formula:

24
I Jy)=—=xT *p,xh (mgim?J year) (7.1.3)
100
I, yr) = maximum allowable immission into the soil of compound M in J years (mg/m?.J years).
o = 1; the factor for marginal burdening of the soil (%/J years).
T, = target value soil quality of compound M (mg/kg, table 4.1.).
P, = 1500 kg/m? average dry density of soil.
h = 1 m; thickness of layer of soil (m).
J = 100 years; number of years in which immission may be achieved (yr).

If the construction is located in the groundwater or in the surface water (figure 6.4.3, 6.4.4.,
6.4.5., and 6.4.6.), then the groundwater functions as transporter instead of the rainwater. Also
now, the amount of groundwater or surface water which streams through or along the
construction, is not important for the calculation.

Formula 7.1.1., therefore, does not change and is also applicable to the sediment bed of the
surface water. In formula 7.1.1., the dry density of the undisturbed soil is given (p,). This is
defined as the mass of soil dried at 105°C, divided by the volume which the soil had in its
original situation. In chapter 5 about the environmental policy starting points for the setting
of standards, it was chosen to use a standard setting which is independent of the type of soil
on which or in which the construction/building is realized. This means an implicit choice for
a dry density of soil (p,). RTVM has calculated this density to be 1500 kg/m>. This values is
a weighed average, based on the existing soil types in The Netherlands [19].

In table 7.1.1., a survey is given of the soil types which exist in The Netherlands, and their
accompanying density. The dry density of the soil is calculated from 7,,, (the volume weight
of a water-soaked soil) according to NEN 6740 [20] as kN/m® and from the pores-fraction (o,
in %v/v) [21]. the calculated dry densities of soils are tested according to the actual practice

experiences of Grond Mechanica Delft [22]
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Table 7.1.1. Survey of the existing types of soil in The Netherlands with their
accompanying density from [19].

horizontal pore Y, from dry density | Existence
Description according to contents ¢, | NEN 6740 of the soil in The
NEN 6740 - in %v/v in kN/m® P, Nether-
. 3 .
Principle Additional mix * in kg/m lands "2'
10° m
name
Sand clean 1 38 21 1720 16200
weakly loam 9 36 21 1740
strongly loam 10 36 21 1740
Loam weakly sandy 12 38 21 1720 770
strongly sandy 11 38 20 1620
Clay clean 20 49 19 1410 12582
weakly sandy 18 48 20 1520
strongly sandy 15 44 20 1560
Peat - 8 89 10 110 2616
Range based on weighed 43-46 1470-1540 32168
average

* earthly speed increase g = 10 m/s’.

In Table 7.1.2. is shown which influence the choice for another dry density of the soil has on
the I, , calculated with respect to L, (p, = 1500 kg/m*). The range, based on the weighed
average, was tesearched (table 7.1.2.). The densities of the various types of soil vary much

more.

Table 7.1.2.  The influence of the dry density on I,,.

dry density of the soil (kg/m?) Change in I_,, in % with regards to I_,,(p, =1500
kg/m?).
1470 -2
1500 -
1540 +3
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7.2 Maximum allowable immission of chloride and sulphate in the groundwater for
construction materials.
For chloride and sulphate there is an acceptable emission as the result of leaching from a
construction material which leads to an average increase of chloride and sulphate in the
leaching medium which is or becomes groundwater of 100% of the target value groundwater

quality in the first year. This results in the following formula:

L, yr) = —1%6 * T, *»Q, xJ (mg/m?2.J years) (7.2.1)

p—

maximum allowable immission of compound M into the groundwater in J years (mg/m’.J years).
100; the factor for the marginal burdening of the groundwater per J years (%/J years).
target value groundwater quality of compound M (mg/l, see Table 4.1.)
1 year; number of years in which the immission may take place.
flux; 300 mm rain- or groundwater /m’.year (appendix 4),
600 mm surface water infiltration /m?.year (chapter 9.1.2.4).

maxd ¥T)

-

I [ | I 1

OH
€

For application in the groundwater, there is a volume of percolating groundwater or along
streaming groundwater which is equal to the volume of infiltrating rainwater per m?,

In the above formula, the infiltration flux (appendix 4) and/or the stream velocity of the
groundwater appears. The RIVM has set these at 300 mm/year for groundwater. In table

7.2.1., the influence of another choice for the size of I,, is indicated.

Table 7.2.1. The influence of the infiltration flux and/or the flow rate of the groundwater

onl ..
infiltration flux and/or flow rate of the groundwater | change in I, in % with regards to I,,(Q,=300
(mm/year) mm/year).
200 -34
300 -

400 +33
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7.3 Maximum allowable immission in the surface water for construction materials
An allowed immission as the result of leaching from construction materials which leads to
an average increase in the surface water streaming along of 10% of the limit values for

surface water quality during a period of 4 days. This results in the following formula:

_ Y ot
I_, (D days) = Too * wa * D *x > (7.3.1)

w

maximum allowable immission of compound M into the surface water in D days (mg/m®.D days).
10; the factor for marginal burdening of the surface water in D days (%/D days).

Limit value surface water quality of compound M (mg/m?).

4 days; number of days in which the emission may take place.

flow rate of the receiving surface water (m3/day).

surface of immission (m?).

ml_‘.<
5
nouonon

For the limit value for surface water, the value which belongs to the total of the dissolved
fraction, and bound to the floating matter in the surface water. The compounds released
through leaching spread themselves over both fractions. For the limit value for surface water,
a standard surface water with 30mg/l of floating matter, 20% organic matter, and 40%
lutum® is used. In chapter 5 about the policy starting points for the standard setting, a
standard setting which is independent of the type of surface water in which the application
is realized, is chosen for. This implicitly means a choice for the amount of floating matter in
surface water and the composition of this floating matter with regards to organic matter and

utum.

7.4 Survey of maximum allowable immissions

Using the definitions for the maximum allowable soil burdening, the rounded off maximum
allowable immissions given below can be calculated using the previous calculation methods
(table 7.3.1.). These immissions will serve as starting points for the calculating of the
maximum allowable emissions from construction materials.

It must be mentioned that the maximum allowable immissions for the surface water is
dependent on the flow rate and the surface of the construction/building which is in contact
with the surface water. For a surface of 5000m? and for the flow rates 5 and 25 m’/s, the

immission values are given in table 7.4.1.

® luum: grain size smaller than 2 pm.
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Table 7.4.1. Maximum allowable immisions in the soil, the groundwater and the surface
water calculated on the basis of the definitions for marginal burdening.

compound soil groundwater surface water
max, allowable max. allowable max. allowable max. allowable
immission immission immission if immission if
mg/m? per 100 years | mg/m? per 1 year Qs = 5 m’/s Q= 25 m’/s
mg/m? per 4 days | mg/m? per 4 days

As 435 346 1728 I

Ba 3000 5184 25920

Cd 12 7 35

Co 300 69 346
Cr-tot 1500 691 3456

Cu 540 104 518

Hg 4.5 1.0 52

Mo 150 346 1728

Ni 525 346 1728

Pb 1275 864 4320

Sb 39 69 346

Se 15 17 86

Sn 300 9 43

v 1020 173 864

Zn 2100 691 3456

Br 300 276480 1382400

Cl 30000 en 60000 6912000 34560000

F 7500 51840 259200

SO, 45000 en 90000 3456000 17280000
CN-tot 75 173 864

CN-free 15

The first value concerns the application of construction materials on or in the "dry" soil with an infiltration
of rainwater or a groundwater stream of 300 mm/year, the second value concerns applications of construction
materials in the "wet" waterway construction with an infiltration of surface water or a groundwater stream
of 600 mm/year.
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7.5 Survey of the standards for construction materials which may become soil

In the Building Materials Decree, a difference is made between construction materials which
may become soil, and other construction materials. For construction materials which may
become soil, only the composition needs to be tested according to the target value soil quality.
In table 7.5.1., the target values for the soil quality for soil from the MILBOWA notice are

mentioned. There are no target values given for chloride and sulphate for soil.

Table 7.5.1. Target values for soil quality in the Netherlands.

type of construction material: SOIL type construction material: SOIL
type of standard: composition type of standard: composition
level: target value level: target value
unit: mg/kg unit: mg/kg
1. METALS 3. AROMATIC

COMPOUNDS

Cr (Chrome) 50 + 2Lu Benzene 0.05
Co (Cobalt) 20 Ethylbenzene 0.05
Ni (Nickel) 10 + Lu Toluene 0.05
Cu (Copper) 15 + 0.6(Lu + Hu) Xylene 0.05
Zn (Zinc) 50 + 1.5Q2Lu + Hu) Phenols 0.05
As (Arsenic) 15 + 0.4(Lu + Hu) Aromatics (total) --
Mo (Molybdenum) 10 4. PAHs

Cd (Cadmium) 0.4 + 0.007(Lu + 3Hu) Naphthalene 0.01
Sb (Antimony) -- Phenanthrene 0.1
Se (Selenium) 2 Anthracene 0.1
Sn (Tin) 20 Fluoranthene 0.1
Ba (Barium) 200 Chrysene 0.01
Hg (Mercury) 0.2 + 0.0017(2Lu + Hu) Benzo(a)anthracene 1
Pb (Lead) 50+ Lu+ Hu Benzo(a)pyrene 0.1

V (Vanadium) - Benzo(k)fluoranthene 1
2. Inorganic Indeno(1,2,3cd)pyrene 1

COMPOUNDS

F tot. 175 + 13Lu Benzo(ghi)perylene 1
CN -tot.free (Cyanide) 1 PAHs (total 10 PAHs) 1
CN -tot.complex 5 5. OTHER ORGANIC

COMPOUNDS

S (total sulphides) 2 PCBs total 0.01
Br (Bromide) 20 EOCI total 0.1
Cl (Chloride) (200) Pesticides containing organic 0.01

see context * chloride (total)
SO, (sulphate) (150) Non-chloride 0.01
see context * pesticides(tot)
Mineral oil 50

* roduct standard

Lu= utum content in % ; Hu = Humus content in %.
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As the result of high mobility, the amounts of these compounds in the soil are low. For the
application of construction materials such as de-silted sea sand (in which relatively high
concentrations of chloride and sulphate appear) which may become soil, it is desirable to
make a distinction between the applications on salty and brackish soils and applications on
soil with sweet groundwater. It has been researched whether, from the target value
groundwater quality and the concentrations of these compounds in the seawater, it is possible
to deduce a standard for these compounds for construction materials which are allowed to
become soil.

In the formula below, the sulphate and the chloride in the groundwater and the seawater
respectively is imputed to the fixed level of the soil. A water-soaked soil contains
approximately 30% (g/g) water; this is 0.3 1 water per kg of soil. This results in a composition

standards for these compounds, which will be on a level comparable to the target values soil

quality.
compositionstandards (compound) = C(S), . * Goor  (M8IKE) (74.1)
C(S),uy = target value groundwater quality Cl of SO/ of average concentration C1 and SO/* in seawater
(mg/1)*.
Guaer = 0.3 l/kg; percentage (g/g) of water in water-soaked soil.

Another approach for soil with sweet groundwater is a composition standard for construction
materials which may become soil, to be deduced from the maximum allowable emission for
category 1 construction materials according to the definition in chapter 7.2. (marginal
groundwater burdening); that is to say, that the maximum C1 and SO, which is allowed to
leach from a category 1 construction material, may also be only maximum present. These
compounds are so mobile that they leach out fairly quickly in the column test. This approach,
however, has, for construction materials which may become soil, as result a burdening of the
underlying soil which is maximum equal to the marginal surface water burdening.

Both approaches are presented in 7.5.2.

° Given according to Rijkswaterstaat.
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Table 7.5.2. Composition standard for chloride and sulphate for construction materials
which may become soil in a sweet water environment and a salty/brackish

environment.
standard value for soil with sweet standard
water in (mg/kg) value for
target value concentration in salty and
groundwater seawater - brackish soil
compound quality [23] (mgt) | according to the | deduced from | 5ccording to
(mg/) formula 7.4.1 maximum the formula
deduced from the allowable 7.4.1 (mg/kg)
target value for | emissions from
groundwater category 1
quality construction
materials
Cl 100 19354 30 230-260 5800
SO, 150 2712 45 550-605 815

* According to Edelman [24], the average chloride content of unburdened soils is connected to humus and lutum.
The 90 percentile becomes {Cl = 90 + 10¥Hu + 2.6*Lu mg/kg (p<0.0001)}. The chloride content then becomes
225 mg/kg (with 10% Hu and 25% Lu).

For areas inside dykes and outside of dykes and having sweet groundwater or surface water,
DGM has deduced a chloride composition standard of C1 = 200 mg/kg for construction
materials which may become soil. For areas outside of dykes with brackish or salty
groundwater or surface water, a Cl value is not defined. Areas with brackish or salty
groundwater are defined as areas with groundwater or surface water having a Cl

concentration greater than 5000mg/l.
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STANDARD SETTING FOR THE
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8. FROM IMMISSION REQUIREMENTS TO EMISSION STANDARDS FOR
CONSTRUCTION MATERIALS

In the Building Materials Decree, rules are given for the application of construction materials
in an environmental responsible manner, while the accompanying ministerial regulation
provides more in-depth information concerning the evaluation of these rules according to the
environmental standards for construction materials. This method is necessary for both the
construction material user as well as the inspectorate.

The user of a construction material must prove that the emission of harmful substances from
his product or construction does not burden the soil or the surface water more than marginally
(immission requirement). Since large investments are necessary to realize a construction, it
is of great importance that a trustworthy estimation of the actual emission behaviour after the
realization of the construction is available®.

Generally, the emission from a construction material is measured by way of standardized
leaching tests (appendix 3) in the lab®”. One can ask whether the leaching tests carried out
in a lab situation predict the actual practice emission from a construction material correctly.
The translation of the leaching during the column test into actual practice appears to be a
complex subject. A number of factors which are location-specific, must be looked at, namely:
- the measure of contact with water

- infiltration

- the percolation rate

- temperature

- acidity

- redox potential

- aging of a material/mineral forming

A construction material can only leach when it comes into contact with water in some way

or other. For constructions, this can be rainwater, groundwater, or surface water. Water

*' A construction which is proven to pollute the soil have to be removed and the soil would have to be cleaned

according to the current regulations (Soil Protection Law).
* Testing the emission requirement by way of proof projects is often extremely costly and time-consuming,
and the results are difficult to interpret
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contact can be prevented by ensuring a certain distance between the construction and the
average highest groundwater level, perhaps combined with diffusion-limiting layers and
isolation of the construction. Isolation prevents that a large part of the rainwater, groundwater,
or surface water percolates through the application or flows along it. The effectiveness of the
isolation is therefore also of crucial importance.
In setting up regulations, it is generally stated that the isolation must be carried out in such
a way that - also on the long term - there is prevention of a greater than marginal burdening
of the soil with harmful substances. In the regulations, this can be realized by way of a
middle requirement or a performance requirement. In the oBB, it is assumed that a good
isolation will achieve enough protection of the soil if the emission is not greater than 10 times
the maximum with unisolated applications. For prefabricated construction materials, this is
fixed at 5 times the maximum, taking into account the levels at which leaching takes place.
Concerning the influence of the redox potential, it is known that anionogeneous metals such
as arsenic, vanadium, and molybdenum are virtually immobile in an oxidizing environment,
while in a reducing environment these metals can be very mobile. Since many metals (zinc,
copper, lead, mercury, and iron) can form badly dissolving sulphide precipitations, the
mobility under reducing conditions is also dependent on the presence of sulphide. Aside from
this, the aging of the construction material and the forming of new compounds would cause
the mobility of metals to be reduced. Qualitatively, therefore, certain things are known.
Research on the quantitative influence of these factors on the leaching behaviour during the
column test and in actual practice, however, is first of all scarce, secondly not uniform, and
finally very expensive. Also, it will not be easy, based on several proof projects with a few
construction materials, to come to general conclusions which are useful for a more detailed
development of general standards for construction materials. Tests with MSWI bottom ash
in actual practice showed a limited correlation between the emissions measured in the lab
test and the emissions measured in the actual practice. This could mean that:
1. the emission from MSWI bottom ash is not correctly predicted for actual practice in the

leaching test in lab situations.
2. the actual emission from MSWI bottom ash is correctly predicted in the lab test, but:

a. the emission cannot be correctly determined in actual practice and/or

b. the conditions chosen in the lab do not correspond with the conditions in actual

practice.
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In actual practice, it appears to be very difficult to correct for effects which are caused by the
percolate receiving system, such as absorption of metal to the sand in the drainage sand layer.
Such effects are also observed in the lab [17]. In this report, an attempt is nevertheless made
to correct for as many factors as possible which are quantifiable and which can influence the
translation of the measured emission in the lab into the actual emission in practice.

With the help of calculation rules, the emission can be estimated in actual practice. For non-
prefabricated construction materials and prefabricated construction materials, the emission in
the column test and the diffusion test respectively is extrapolated and/or interpolated to an
emission during a 100 year period. With the column test, the measured emission is a function
of the amount of percolating water, and with the diffusion test, it is a function of the time.
With the extrapolation and/or the interpolation, therefore, for the non-prefabricated
construction materials the measure of wetting (effective infiltration) is taken into account, and
for the prefabricated construction materials, the wetting time. Then, for prefabricated
construction materials, a correction made for the factors temperature, exhaustion, and aging.
For non prefabricated construction materials, a correction factor is deduced from the
difference between the leaching of soil in the lab and in actual practice. The difference in the
approach of non-prefabricated and prefabricated construction materials is on the one hand due
to the nature of the construction material, and on the other hand due to the current scientific
knowledge.

The following paragraphs gives a detailed look at the translation of the emission measured

in the lab into the actual practice emission.

8.1 Non-prefabricated construction materials

8.1.1 The relationship between the maximum allowable immission in the soil and the
emission measured in the column test

Using the maximum allowable immissions (table 7.4.1.) as a starting point, a calculation

method is worked out for the evaluation of non-prefabricated construction materials based on

the leaching behaviour of inorganic compounds in the lab.

The relationship between emission from a non-prefabricated construction material and the

immission in the soil is descri