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 INTRODUCTION 

The construction industry accounts for about 30% of global 

carbon dioxide emissions, consuming 50% more raw materi-

als than any other economic activity. For that fact, is consid-

ered an unsustainable sector (Imbabi et al., 2012). 

Concrete, with a production of about 10 billion tons per year, 

is the most consumed material on Planet Earth (Ondova et 

al., 2012). The increase in the production of concrete results 

in a higher consumption of natural aggregates and cement 

and, therefore, in a higher environmental impact of the con-

struction sector. 

Although EUROSTAT (2014) data indicates that between 

1990 and 2012 manufacturing and construction industries 

achieved a 38% reduction in CO2 emissions, Portland cement 

remains the most widely used binder in the construction in-

dustry (Gomes et al., 2013), and is responsible for the most 

significant part of the concrete environmental impact. Ac-

cording to Huntzinger and Eatmon (2009) and to JWG N013 

Draft TR WI 00350023 (CEN / TC 350 / WG01, 2014), cement 

manufacture accounts for about 5% of global carbon emis-

sions, being considered the third largest source of emissions 

in the United States. Their partial replacement by pozzolanic 

additions (SCM) such as FA (fly ash), silica fume, or ash from 

rice husks can be, therefore, a positive contribution to reduce 

environmental impacts (Ghannam et al., 2016). The current 

annual worldwide production of by-products is estimated 

about 700 million tons of which 70%, at least, is FA (Ondova 

et al., 2012). Thus, to achieve sustainable construction, it is 

urgent to reduce the production and consumption of cement 

and natural aggregates (Henriques, 2011). 

However, the potential environmental risks associated with 

changing the conventional composition of building materials 

are unknown. There are a number of materials with some de-

gree of toxicity associated, not only associated with the envi-

ronmental impacts from their production, but also with 

waste produced from this process that is toxic to human 

health and the environment. It is therefore necessary to eval-

uate the risks associated with its use (Torgal and Jalali, 2010). 

Reducing environmental impacts of the construction industry 

is a global concern. Life Cycle Assessment (LCA) allows to 

evaluate the environmental impact of a given product or a 

service throughout its entire life cycle, from the extraction of 

raw materials to its deposition in Nature. The environmental 

impact assessment under LCA can be made using different 

methods and, consequently, considering different categories 

of environmental impact. The most recent methods include 

ecotoxicity in the environmental impact categories on a  LCA 

(Ferrão, 2009) analysis. 

The Technical Committee (TC) 350 of the European Commit-

tee for Standardization (CEN / TC 350 / WG01, 2014) intends, 

with the design of a standard still in draft (JWG N013 Draft TR 

WI 00350023 - Additional indicators), to clarify the assess-

ment of the environmental impact of building materials and 

buildings at European level, with the introduction of new cat-

egories of environmental impact, in particular ecotoxicity, 

emphasizing the importance of these issues in the products 

and services environmental impact assessment. Ecotoxicol-

ogy is a branch of toxicology that studies the toxic effects 

caused by natural or artificial substances present in the mac-

roenvironment (air, water and soil), in living organisms. Thus, 

this science may have a strong contribution to the increase 

of the construction sustainability, since it allows evaluating 

the potential environmental risk associated with the materi-

als to be incorporated in the construction, even without the 

need to use LCA. For that, it is necessary to evaluate ecotoxi-

city using leaching tests, chemical analyzes and toxicity tests. 

The state of the art review revealed regulatory scarcity and a 

lack of harmonization among the scientific community, re-

garding the determination of the ecotoxicological potential 

of materials and raw materials used in the construction sec-

tor, which justifies the development of an environmental risk 

assessment methodology for these materials. This disserta-

tion explores the ecotoxicological potential associated with 

raw materials and construction materials from a literature re-

view, proposing and applying an expedient assessment meth-

odology of the ecotoxicity potential of raw and construction 



2 

materials. This methodology allows to conclude the environ-

mental risk arising from the use of new raw and building ma-

terials based on existing laws, such as Regulation (EC) No 

1907/2006 (REACH - Registration, Evaluation, Authorization 

and Restriction of Chemicals) and Regulation (EC) No 

1272/2008 (CLP - Classification, Labeling and Packaging). 

 ENVIRONMENTAL RISK ASSESSMENT: METHODOLOGY 

The methodology for assessing the potential environmental 

risk of raw and cement-based building materials for land-

filling and ecotoxicological potential proposed in this study 

was based on the legislative provisions laid down in Directive 

2008/98/EC and Directive 1999/31/EC, REACH and CLP regu-

lations, and on the methodology proposed by the French En-

vironment and Energy Management Agency (ADEME, 1998). 

The methodology for evaluating the ecotoxicological poten-

tial (Figure 1) divides the materials into two distinct groups: 

a) raw and b) construction materials. The first group includes 

materials that are incorporated in cement-based products 

and are organized into the following subgroups: i) virgin raw 

materials, ii) processed raw materials, iii) recycled raw mate-

rials, iv) raw materials resulting from by-products and v) na-

nomaterials (excluded from this study). This grouping is re-

lated to the usefulness of the above-mentioned materials on 

the replacement of Portland cement and natural aggregates 

(NA), aiming the production of high performance materials 

that can contribute to construction sector sustainability. For 

each group of raw materials, a methodology for evaluating 

the potential of ecotoxicity was defined: methodology VRM 

(virgins raw materials); methodology PRM (processed raw 

materials); methodology RRMS (recycled raw materials and 

by-products); and the methodology CM (construction mate-

rials). The subgroup of virgin raw materials includes all the 

materials that have only undergone physical changes (i.e., 

mechanical processing and eventual sieving), such as NA. Alt-

hough the reduction of the consumption of natural resources 

is a key factor in achieving sustainability in the construction 

sector, this subgroup should not be neglected because of 

their current use in conventional building materials. Tradi-

tionally, in the manufacturing of cement-based building ma-

terials, NA extracted from quarries of different geological or-

igins are used. Those aggregates are then mechanically pro-

cessed in order to obtain the desired characteristics. Pro-

cessed raw materials result from an industrial process that 

requires a specific quality control, being incorporated in ce-

mentitious materials in order to provide them with specific 

properties. Portland cement, and aggregates that are artifi-

cially produced by thermal expansion (e.g., expanded clay), 

and which are produced from natural raw materials, stand 

out in this group. The group of recycled raw materials in-

cludes recycled aggregates from the fragmentation, separa-

tion, sifting, and eventual washing of Construction and Dem-

olition Waste (CDW), and from other industries such as pre-

fabrication. Cement can be partially replaced using by-prod-

ucts with pozzolanic ("pozzolans" without specific identifica-

tion, FA, silica fume, rice husk ash, metakaolin), or latent hy-

draulic (blast furnace slag, boiled schist, calcareous fly ash) 

characteristics. All cement-based materials, such as concrete 

and mortar, belong to the group of building materials regard-

less of the raw materials used. The proposed methodology 

includes four different approaches (VRM, PRM, RRMS and 

CM) for the evaluation of the ecotoxicity potential of materi-

als (Figure 1). 

For the application of the RRMS approach, it will be necessary 

to consider that in the rhombus of the flowchart of Figure 1 

only numbered questions of "Yes" or "No" answer were con-

sidered (Table 1). The application of the RRMS methodology 

assumes that if there is a SDS (Safety Data Sheet) for a partic-

ular substance, it is delivered to the downstream user. If a 

SDS does not exist, then a document with the necessary in-

formation to guarantee the protection of human health and 

of the environment should be delivered. 

The classification of construction materials (methodology 

CM) assumes that after the selection of the raw materials, 

the production of different formulations of the material and 

its hardening, it has to be fragmented (Hillier et al., 1999). 

Additionally, particles smaller than 10 mm are selected so 

that the material becomes granular rather than monolithic. 

The material classification should be done according to the 

methodology proposed in the flowchart of Figure 2 that de-

pends on the pre-existing information about each material 

under study, and on the application of methodology pro-

posed in the flowchart of Figure 1. The procedure for classifi-

cation begins with the leaching of the raw (or building) mate-

rial according with EN 12457-4 (CEN, 2002). The leachate ob-

tained will be then characterized in terms of chemical analy-

sis (hereafter designated as chemical characterization, CC) 

and ecotoxicity potential (hereafter designated as ecotoxi-

cological characterization, EC). 

 MATERIALS AND METHODS 

The raw materials chosen for chemical and ecotoxicologi-

cal analysis in this study include virgin raw materials (natu-

ral, fine and coarse aggregates), processed (Portland ce-

ment), recycled (recycled, fine and coarse aggregates) and in-

dustrial by-products (FA type F). 

Regarding the construction materials to be studied, three 

concrete mixes were prepared (B1, B2 e B3), with the incor-

poration of different percentages of the mentioned raw ma-

terials (Table 2). The tests carried out within the scope of the 

dissertation are summarized in Table 3. 

From the chemical characterization of the leachate, it is pos-

sible to classify the materials according to their potential dan-

ger.  
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Figure 1 – Methodology for assessing the ecotoxicological potential of raw and construction materials 
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Table 1 – Criteria for applying the RRMS methodology 

Methodology RRMS– Application criteria 

1. “Does the recovery process result in an article?” 

1.1 Yes A recovery process results in an article when, during production, the shape, surface, or design has been deliber-
ately more important than its chemical composition. Only the substances contained in articles have to be regis-
tered in REACH. The articles are exempted from registration, so there is a greater environmental concern when 
this type of raw material is incorporated in construction materials due to the lack of regulation and information 
that they implicate. 

Classify 

1.2 No In the case of a pure substance, a substance contained in a mixture or a mixture. Proceed to 
point 2 

2. “Does the recovery process result in a pure substance or a substance contained in a mixture?” 

2.1 Yes The recovery process results in a substance (pure or contained in a mixture) when its chemical composition is 
more important than the shape, surface, or design. As mentioned, the substances can be well-defined or UVCB 
(Chemical Substances of Unknown or Variable Composition, Complex Reaction Products and Biological Materials) 
and, for the former, once their chemical composition is defined, it is easy to gauge the danger they pose to the 
environment. In the case of the latter, greater environmental concern is raised, given the variability and uncer-
tainty regarding its chemical composition. 
This group includes industrial by-products such as slag or fly ash (FA), among others. In fact, the chemical com-
position of slag and FA is more important for its function than the shape, surface or design, and are therefore 
considered as UVCB substances (ECHA, 2010).  

Proceed to 
point 3 

2.2    No If the recovery process does not result in an article or a substance, it can result in a mixture. Their use may result 
in high environmental concern. 

Proceed to 
point 7. 

3. “Is there a Safety Data Sheet (SDS)?” 

3.1 Yes Substances registered under REACH and classified as hazardous under CLP must be accompanied by a Safety Data 
Sheet (SDS). 

Proceed to 
point 4. 

3.2 No The absence of SDS may mean: 
- a non-hazardous substance and therefore, even if it is registered in REACH it does not require the obligation 

to have a SDS. This means that it does not meet the criteria for classification of danger for the aquatic 
environment under the CLP, and that it is a non-ecotoxic raw material; 

- a substance not registered in REACH because it is produced in quantities lower than one tonne per year or 
is being used only for Research & Development purposes (exempt from registration). In this case, it is pro-
posed to classify it (Figure 2). 

Proceed to 
point 6. 

4 “Is it classified as dangerous for the aquatic environment?” 

4.1. Yes The SDS for a particular substance or mixture identifies its classification in relation to hazards in Section 02. A 
substance or mixture which is very toxic to aquatic organisms and subject to an acute toxicity test is identified by 
the code H400. 

Proceed to 
point 5. 

4.2. No If SDS clearly indicates that the substance does not cause adverse effects on aquatic organisms, then it may be 
classified as non-ecotoxic based on the information available to date. 

Non-ecotoxic 
raw material 

5. “Is there evidence to classify it as ecotoxic?” 

5.1 Yes When the information presented in the SDS is clear and presents the results of EC50 or LC50 for aquatic organisms, 
it is considered that there is sufficient information to classify the raw material as potentially ecotoxic to aquatic 
ecosystems. 

Potentially eco-
toxic raw mate-
rial 

5.2 No When the information presented in the SDS does not present the results of EC50 or LC50. Classify 

6 “Is it registered?” 

6.1 Yes To identify whether a substance is registered, access the ECHA database for substances registered in REACH: 
https://echa.europa.eu/information-on-chemicals/registered-substances. If the substance is registered and 
there is no SDS, it is because the raw material is not considered to be ecotoxic based on the information available 
so far. 

Non-ecotoxic 
raw material 

6.2 No In the case of an unregistered substance, regardless of the reason, it should be classified (Figure 2). Classify 

7 “Is there a Safety Data Sheet (SDS)?” 

7.1 Yes As occurs with substances, mixtures must also be accompanied by an SDS when meeting the criteria for classifi-
cation as a dangerous substance, as defined in the CLP Regulation. 

Proceed to 
point 4. 

7.2 No In the case when there is no SDS for a given mixture, it is necessary to classify it (Figure 2). In the case of dangerous 
substances and mixtures that are made available or sold to the public, it is not necessary to provide an SDS. 
However, for this exemption to be valid, the supplier must provide sufficient information to ensure that the nec-
essary measures are taken in order to ensure the protection of human health and the environment (ECHA, 2010). 

Classify 

For this reason, a potential hazard index (PHI) was deter-

mined, which enables to order the leachate samples of the 

materials as a function of the concentrations of the analyzed 

chemical parameters. This ordering was made on the basis of 

the limits defined in Directive 1999/31/EC. In this work  two 

potential hazards levels (PHLs) were defined, as follows: 

"Minimum Potential Hazard Level (MinPHL)" and "Maximum 

Potential Hazard Level (MaxPHL)" (adapted from Lapa et al., 

2007). 

The Toxicity Classification System (TCS) was applied to the 

ecotoxicological characterization in order to integrate the re-

sults obtained in the various ecotoxicity tests carried out us-

ing different model test-organisms and to convert them into 

a single global value that allows to determine and order the 

samples according to their measured ecotoxicity level (Per-

soone et al., 2003), as has been done for the chemical analy-

sis. 
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Table 2 – Proportions of the different concrete mixes produced 

FA –  fly ash; RFA – recycled fine aggregate; RCA – recycled coarse aggregates; NFA – natural fine aggregates; NCA – Natural coarse 

aggregates 

 RESULTS AND DISCUSSION 

4.1. Classification of materials  

The application of the proposed methodology to classify the 

materials for the landfill and ecotoxicity potential (Figures 1 

and 2), allowed to obtain the results that are presented in 

Table 4. 

Natural aggregates (NA) are considered virgin raw materials 

and, therefore, the application of the proposed methodology 

(VRM) allows them to be classified as non-ecotoxic raw ma-

terials. This result can be supported by Barbudo et al. (2012) 

study. 

According to the REACH regulation, Portland cement is con-

sidered a mixture, so the RRMS methodology may be applied 

(Figure 1). The existence of a SDS for Portland cement shows 

that the mixture meets the criteria for the classification of 

hazardous substances set out in the CLP Regulation. After an-

alyzing the SDS, it is possible to verify that the mixture is not 

classified as dangerous for the aquatic environment. Thus, 

there is no need to characterize it chemically and ecotoxico-

logically, and it can classified as a non-ecotoxic raw material. 

This result is consistent with the Hillier et al. (1999) and 

Gwenzi and Mupatsi (2016) studies. 

The recycled aggregates from concrete (RA) belong to the 

group of recycled raw materials and by-products, so that 

their classification is made according to the RRMS methodol-

ogy (Figure 1 and Table 1), which implies that the chemical 

and ecotoxicological characterization of their leachates may 

be done. However, the origin of these concrete RA is not un-

known. Their main constituents are the following raw mate-

rials: water, NA and CEM II / A-L 42,5R cement, which have 

already been classified. Therefore, in particular case in which 

the RA were obtained from the crushing of factory-produced 

concrete with the desired characteristics, and its composition 

is fully known, this raw material can be classified using the 

CM methodology. Thus, in the context of this dissertation, it 

is assumed that the classification of this raw material can be 

made from the results obtained for the leachates of the ag-

gregates produced from the reference concrete (B1) (the 

composition is identical, and both the CEM II / AL 42.5R ce-

ment and the CEM I 42.5R cement are regulated by the same 

SDS). 

Construction material FA (%) RFA (%) RCA (%) Portland cement (%) NFA (%) NCA (%) 

B1 0 0 0 100 100 100 
B2 60 0 0 40 100 100 
B3 60 100 100 40 0 0 

Figure 2 – Flowchart representing the methodology for performing the chemical and ecotoxicological characterization, and classification, 
of raw and building materials 
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Table 3 – Test methods 

Test Location Methodology 

Leaching Production of eluates 

Analysis Laboratory 
(LAIST) of Instituto Su-
perior Técnico (IST) 

EN 12457-4 (CEN, 2002) 

Chemical  
characterization 
(CC) 

As, Hg, Sb, Se Internal Method LAIST 

Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn ISO 11885:2007 

Chloride, Fluoride, Sulphate SMEWW 4110 B 

Total Dissolved Solids (SDT) SMEWW 2540 – C 

Dissolved Organic Carbon (COD) SMEWW 5310 C 

pH SMEWW 4500 H+ B 

Conductivity  NP EN 27888 (IPQ, 1996) 

Ecotoxicological 
characterization 
(EC) 

Inhibition of luminescence of Vibrio 
fischeri bacteria 

15 to 30 minutes exposure in static test 
(ISO 11348-3:2007) 

Inhibition of the mobility of microcrus-
taceans Daphnia magna 

24 and 48 hours of exposure in static test 
(ISO 6341:2012) 

Inhibition of yeast growth Saccharo-
myces cerevisiae 

Institute of Bioengi-
neering and Biosci-
ences of IST 

16 hours exposure  
(Papaefthimiou et al., 2004, Pereira et 
al., 2009, Gil et al., 2015) 

Bulk density and 
water absorption 
of aggregates 

ρa – density of impermeable material 

Construction Labora-
tory of DECivil of IST 

NP EN 1097-6 (IPQ, 2003) 

ρrd – density of the dried particles 

ρsss - density of the saturated aggre-
gates with dry surface 

WA24 – water absorption after immer-
sion for 24 hours 

Table 4 – Classification of raw and construction materials 

Group Materials 
Directive n.º1999/31/EC CEMWE 

TCS 
Classification Parameter Classification Parameter 

Raw materials 

NA Inert - No evidence of ecotoxicity n.a. n. a. 
Cement - - No evidence of ecotoxicity n.a. n. a. 

RA Non-dangerous TDS No evidence of ecotoxicity n.a. Class III 
FA Dangerous Se No evidence of ecotoxicity n.a. Class III 

Construction materials 
A1 Non-dangerous TDS No evidence of ecotoxicity n.a. Class III 
A2 Non-dangerous TDS, Mo Ecotoxic D. magna Class IV 
A3 Non-dangerous TDS, Cr, Mo Ecotoxic D. magna Class IV 

n.a.- not applicable; Class III – Acute Toxicity; Class IV – High Acute Toxicity 

It is necessary to use the RRMS methodology (Figure 1) to 

classify fly ash (FA) ecotoxicological potential (Figure 2). After 

contacting the manufacturer, it was found that there is no 

SDS for FA (point 3.2 of RRMS methodology) because the sub-

stance is considered non-hazardous. However, there is a 

Product Information Sheet (PIS) which contains some infor-

mation identical to the SDS, namely the REACH Registration 

number: 01-2119491179-27-0012. Thus, the absence of SDS 

for a material that is registered means that the raw material 

could be considered non-ecotoxic (Figure 1). 

However, although the FA used in this study is considered 

non-hazardous UVCB substance and it is not predicted to pre-

sent toxicity to the aquatic environment, it was found im-

portant to classify this raw material (Figure 2). 

The classification of the concrete samples for their ecotoxi-

cological potential assumes the application of the CM meth-

odology (Figure 1). The concrete specimens produced (B1, B2 

and B3), with the characteristics mentioned previously (Table 

2) and after 28 days of dry chamber cure (relative humidity 

of 50±5% and 22±2ºC temperature), were fragmented 

through a jaw crusher in conjunction with a vertical shaft im-

pact crusher, and sieved (mesh with 10 mm of aperture, sieve 

series 2 (EN 12620 (CEN, 2002)), producing A1, A2 and A3 ag-

gregates. 

In order to obtain the classification of RA, FA, and aggregates 

A1, A2 and A3, the chemical and ecotoxicological characteri-

zation of the respective leachate samples were carried out. 

4.1.1. Chemical characterization (CC) of leachates of 

RA, FA, A1, A2 and A3  

The results of the CC of RA, FA, A1, A2 and A3 are summarized 

in Tables 5 and 6.  

The following non-metallic parameters were analyzed: pH, 

Electrical Conductivity; Dissolved Organic Carbon (DOC); To-

tal Dissolved Solids (TDS); Chloride; Fluoride and Sulphate. 

It has been found that the samples under study are extremely 

alkaline, and the pH values of the eluates were in the follow-

ing order: FA (pH=11.8) < A3 (pH=12.1) < A2 (pH=12.4) < A1 = 

RA (pH=12.5). 
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The pH value of the FA sample was compared with the results 

of Moreno et al. (2005) and Tsiridis et al. (2006). It is observed 

that the pH value obtained for the FA sample is closer to the 

mean value of the results of the work of Tsiridis et al. (2006), 

possibly because the leachates were produced based on the 

same European standard (CEN, 2002).  

The pH values of the RA, A1, A2 and A3 samples are common 

in this type of construction materials; it is close to the con-

crete pH (approximately 12.5), and is higher than the FA pH, 

due to the presence of oxides and hydroxides that are formed 

during the combustion process of the coal in the latter (Lapa, 

2004). The results suggest, therefore, that the introduction of 

FA in the concrete leads to the decrease of the pH of the re-

spective eluates. 

Table 5– Results for the non-metallic parameters obtained from RA, FA, A1, A2 and A3 

Materials 
Non-metallic parameters 

pH a 22ºC EC (µS/cm) DOC (mg/kg) TDS (mg/kg) Chloride (mg/kg) Fluoride (mg/kg) Sulphate (mg/kg) 

RA(1) 12.5 6950 88 17000 15 < 10 < 30 
FA 11.8 1672 23 6450 < 30 < 10 4400 
A1 12.5 6950 88 17000 15 < 10 < 30 
A2 12.4 4300 11 12000 19 < 10 < 30 
A3 12.1 3560 100 9200 34 < 10 37 

(1) The RA values are the same as for the sample A1. 

Table 6– Results of the metal parameters obtained from RA, FA, A1, A2 and A3 

(1) The RA values are the same as for the sample A1.

The values of electrical conductivity of the leachates were in 

the same order as pH and indicate the high capacity that the 

samples may have to alkalize the natural waters where leach-

ate formed can be diluted and this fact can cause environ-

mental damages (Gwenzi and Mupatsi, 2016). Comparing 

with the results obtained for the FA sample, a significant in-

crease of this value was registered for all the other samples. 

The values obtained for FA were compared with the results 

of Moreno et al. (2005) and Tsiridis et al. (2006). Again, the 

electrical conductivity value obtained for the FA sample is 

closer to the average value of the results of the work of 

Tsiridis et al. (2006), which may be related with the fact that 

the leachates were produced following the same European 

standard (CEN, 2002). 

The low concentration of dissolved organic carbon (DOC) in-

dicates that all the samples are practically free of organic 

matter. The pH and DOC values registered for sample A3 are 

consistent with each other, since the increase in DOC causes 

an increase in the acidity of the water, which consequently 

causes a decrease of pH. The DOC concentration in the FA 

leachate sample is lower, since the FA results from a combus-

tion process that causes the reduction of the organic carbon 

contents that could be present. 

The concentration of chlorides obtained for the leachate 

samples are very low when compared to the limit values de-

fined in the Directive n.º1999/31/EC. 

The concentration of fluoride analyzed in the samples of RA, 

FA, A1, A2 and A3 does not allow identifying if its presence is 

zero or quite reduced, since the limit of detection was not 

reached. This result makes sense, because these raw materi-

als do not contain residues containing fluoride in their consti-

tution. 

Regarding the sulphate concentration, the FA sample shows 

the highest value of all analyzed samples (4,400 mg / kg); in 

the remaining samples, the values are close to 30 mg / kg. 

The following metallic parameters were analyzed: As, Ba, Cd, 

Cr, Cu, Hg, Mo, Ni, Pb, Sb, Se and Zn. The elements: Cd, Hg, 

Ni and Pb belong to the list of priority substances in the field 

of water policy (Directive 2008/105/EC); of these, Cd and Hg 

are considered priority hazardous substances. From this set 

of metals evaluated in the RA sample, only Ba presented a 

concentration above the limit of quantification (4.0 mg / kg); 

in FA sample, the values of Ba (4.6 mg / kg), Cr (2.5 mg / kg), 

Mo (10 mg / kg) and Se (4.0 mg / kg) were detected at con-

centrations above the quantification limits. Comparing the 

results obtained with the study by Moreno et al. (2005), it is 

possible to observe that the concentration values of the 

leached metal parameters of FA are close to the average con-

centration (determined on the basis of 23 different origin 

samples of FA). For samples A1, A2 and A3, only Ba, Cr and 

Mo showed concentrations above the minimum detection 

limit in some samples. The A1 sample presented a lower Ba 

concentration than the one recorded for the FA sample; the 

Materials 
Metallic parameters (mg/kg) 

As Ba Cd Cr Cu Hg Mo Ni Pb Sb Se Zn 

RA(1) < 0.4 4.0 < 0.1 < 0.5 < 1.0 < 0.2 < 0.3 < 0.4 < 0.5 < 0.4 < 0.2 < 0.5 
FA < 0.4 4.6 < 0.1 2.5 < 0.5 < 0.2 10 < 0.4 < 0.5 < 0.4 4 < 0.5 

A1 < 0.4 4.0 < 0.1 < 0.5 < 1.0 < 0.2 < 0.3 < 0.4 < 0.5 < 0.4 < 0.2 < 0.5 
A2 < 0.4 9 < 0.1 0.5 < 1.0 < 0.2 0.6 < 0.4 < 0.5 < 0.4 < 0.2 < 0.5 
A3 < 0.4 8 < 0.1 0.7 < 1.0 < 0.2 1.0 < 0.4 < 0.5 < 0.4 < 0.2 < 0.5 
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remaining metal parameters had concentrations zero or 

lower than the detection limit. For the A2 sample, the Ba con-

centration is approximately twice as the one recorded for the 

FA sample. Concentrations of Cr and Mo show decreases of 

80% and 94%, respectively, compared to those of the FA sam-

ple. Regarding the A3 sample, the concentration of Ba is close 

to that recorded for the sample of A2 and much higher than 

the sample of FA. Concentrations of Cr and Mo, although 

slightly higher than those of the A2 sample, registered de-

creases of 72% and 90%, respectively, compared to the con-

centrations recorded for the FA sample. It is important to re-

fer that the concentration of Se for all three samples was zero 

or below the detection limit. The concentration of this pa-

rameter reduced from 95% to 100% when compared to the 

FA sample. 

The results obtained allow classifying the samples of RA, A1, 

A2 and A3 for landfill in non-dangerous waste and the sample 

of FA as dangerous. As for the ecotoxicity potential, it was not 

possible to classify them in terms of chemical characteriza-

tion, since the limit values defined in the French proposal are 

not exceeded. 

4.1.2. Ecotoxicological characterization (EC) of elu-

ates of RA, FA, A1, A2 e A3 

The results of ecotoxicological characterization of the leach-

ate samples (RA, FA, A1, A2 and A3) are presented in Table 7. 

It is important to refer that no corrections were made to the 

pH of the tested samples since it was intended to simulate 

environmental exposure conditions close to the real ones. 

Therefore, the ecotoxicity indexes obtained (Table 7) com-

bine the contributions of possible harmful effects associated 

not only with the chemical components present in the leach-

ate samples, but also with the alkaline pH of these samples. 

The sample of RA leachate (equal to A1) did not cause lumi-

nescence inhibition of Vibrio fischeri bacteria. Comparatively, 

the toxicity of the same sample to the test organisms Daph-

nia magna and Saccharomyces cerevisiae was high.

Table 7 – Ecotoxicological characterization of samples (RA, FA, A1, A2 and A3) 

Materials pH 
Vibrio fischeri 

EC50 (%) [30 min] 

Daphnia magna Saccharomyces cerevisiae 

EC50 (%) [24h] EC50 (%) [48h] EC50 (%) [16h] 

RA(1) 12.5 > 100 18.8 14.6 19.8 

FA 11.8 49.3 30.8 30.8 > 100 

A1 12.5 > 100 18.8 14.6 19.8 

A2 12.4 > 100 6.8 5.5 30.2 

A3 12.1 > 100 13.6 7.7 40.7 

(1) The RA values are the same as for the reference concrete (B1)

These results suggest that the bioluminescent bacteria was 

not sensitive to contact with the RA sample; the microcrusta-

cean and the yeast presented consistent and close results be-

tween them, thus suggesting the same sensitivity to the pres-

ence of the RA sample. 

Regarding the FA leachate sample, the results showed that V. 

fischeri bacteria and D. magna microcrustacean were af-

fected by this sample. The yeast S. cerevisiae was not as sen-

sitive to contact with this sample, and the ecotoxicity value 

was very low. In this case, the bacteria and the microcrusta-

cean presented close and consistent results between them, 

and the yeast did not reveal as much sensitivity to this sam-

ple. The results obtained in the study by Tsiridis et al. (2006, 

2012) also indicate that the most sensitive test organism in 

the evaluation of the ecotoxicity of the FA leachate samples 

is the microcrustacean Daphnia magna; the authors at-

tributed this result to the lower tolerance of the organism to 

the presence of high concentrations of Cr in the samples 

(Tsiridis et al., 2012). The study by Tsiridis et al. (2012) re-

vealed that the presence of Cu, Ni and Zn in the leachate sam-

ples gave a significant bioluminescence inhibition of Vibrio 

fischeri. In the present study, the concentration of these met-

als is very low, so the effect provoked was not so significant. 

The leachate samples of A2 and A3 did not cause biolumines-

cence inhibition of Vibrio fischeri. Both the microcrustacean 

and the yeast were affected by A2 leachate sample. In the 

first case, an extremely high ecotoxicity value was obtained 

for D. magna when compared to the values obtained for A1. 

In relation to the latter, it was obtained a result indicating 

lower ecotoxicity for S. cerevisiae compared to the one ob-

tained for the A1 sample. Regarding the A3 leachate sample, 

when in contact with the microcrustacean and the yeast, it 

causes deleterious effects in these bioindicators. For D. 

magna, the result of ecotoxicity was higher than for A1 sam-

ple, but lower than for A2 sample. For S. cerevisiae a lower 

ecotoxicity result was obtained with the A3 sample than for 

the A1 and A2 samples. 

Given these results, there is no evidence to classify the leach-

ate samples of RA, FA and A1 as ecotoxic, since the results of 

the chemical and ecotoxicological characterizations comply 

with the limit values established in the document of the 

French proposal (ADEME, 1998). However, the results ob-

tained for samples A2 and A3 allow to classify these materials 

as ecotoxic, since the minimum value defined in the French 

proposal CEMWE for D. magna is exceeded (ADEME, 1998). 
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The analysis of the results of Table 5 shows that pH is not the 

only factor responsible for the harmful effects that the sam-

ples cause on the test organisms. This result is consistent with 

those obtained in the study by Choi et al. (2007), which state 

that, despite the high pH value for D. magna survival, this is 

not the only factor that causes harmful effects (Choi et al., 

2013). 

4.2. Bulk density and water absorption 

The density test was performed according to standard NP 

1097-6 (IPQ, 2003), in order to evaluate the water absorption 

capacity of the aggregates A1, A2 and A3, and to relate it to 

their leaching potential. The results obtained are extremely 

high when compared to the water absorption capacity of vir-

gin raw materials, which may justify the leaching ability of the 

materials due to its internal structure. In fact, this value in-

creases with the increase in the level of ecotoxicity of the 

leachates samples from materials A1, A2 and A3. 

4.3. Potential Hazard Level (PHL) and Ecotoxicity Level (EL) 

of materials 

The chemical analysis shows that the lowest potential hazard 

levels was registered for the samples of RA and A1, followed 

by sample A2, A3 and, finally, the sample FA is the one with 

the highest potential hazard level. 

The incorporation of raw materials that have a non-negligible 

ecotoxicity level (EL> 0) in building materials causes a consid-

erable increase in the ecotoxicity level of these materials. For 

example, material A1, consisting of 100% NA and 100% ce-

ment, has a lower ecotoxicity level than materials A2 and A3. 

The material A2, consisting of 100% NA, 60% FA and 40% ce-

ment, incorporates in its composition FA; although this raw 

material does not present evidence to be classified as eco-

toxic, when incorporated in construction materials in certain 

quantities, it gives them an ecotoxic character. This result 

may be related to the high potential hazard level that the FA 

sample indicates, due to the high leaching capacity of heavy 

metals in its constitution, which is not the case with Portland 

cement (Hillier et al., 1999). The material A3, consisting of 

100% of RA, 60% of FA and 40% of cement, incorporates in its 

composition FA. FA is a raw material that is not classified as 

ecotoxic, but presents levels of ecotoxicity different from 

zero and not negligible and RA, a feedstock whose level of 

ecotoxicity is the same as FA and which is also not classified 

as ecotoxic. However, the incorporation of these raw materi-

als, whose potential hazard level is not negligible, in building 

materials gives them an ecotoxic character. 

 CONCLUSIONS 

The methodology of environmental risk assessment of con-

struction materials and respective raw materials proposed in 

this dissertation, can have a strong contribution to the con-

struction sector sustainability. 

The results show that materials formulated with raw materi-

als classified as hazardous may lead to non-hazardous mate-

rials, such as A2 and A3 (based on eluate chemical character-

ization only). Furthermore, materials with a high ecotoxico-

logical potential, namely A2 and A3, which are made up of 

raw materials with no evidence of ecotoxicity (FA and recy-

cled concrete aggregates) can be formulated from raw mate-

rials with evidence of lower ecotoxicity. This result is corrob-

orated by the TCS, which shows that the degree of ecotoxicity 

of building materials formulated with ecotoxic raw materials 

is greater than that of their raw materials; an increase in tox-

icity occurs between the raw materials (Class III) and the 

building materials (Class IV). Thus, it can be concluded that 

the incorporation of 100% of recycled concrete aggregates 

and 60% of fly ash (replacing Portland cement) in concrete 

may result in an adverse effect on human health and on the 

environment. 

The chemical characterization focused on 19 parameters, 12 

of which were metallic, making possible to classify the mate-

rials for landfill; however, from the 12 metallic parameters 

analyzed in all samples. In the case of the FA sample only 33% 

were detected at a concentration above the detection limit, 

and in RA and A1 samples only 8.3%, and in A2 and A3 sam-

ples only 25%. This reduction of the heavy metals leaching 

between the FA, A2 and A3 samples may be related to the 

cement's ability to solubilize / stabilize the concentration of 

heavy metal due to chemical retention processes by incorpo-

ration of the elements in the cement matrix, and physical re-

tention by encapsulation. 

The ecotoxicological characterization was carried out using 

acute toxicity tests and allowed to conclude that of the three 

test organisms selected for ecotoxicity tests (Vibrio fischeri, 

Daphnia magna and Saccharomyces cerevisiae), the most 

sensitive in assessing the ecotoxicity of cement-based raw 

and building materials is the microcrustacean Daphnia 

magna, which showed the highest levels of sensitivity in all 

samples tested. The bioluminescent bacteria shows sensitiv-

ity to contact with the fly ash sample, but it does not show 

sensitivity to contact with samples of aggregates. The yeast 

Saccharomyces cerevisiae, unlike bioluminescent bacteria, 

shows sensitivity to contact with all leachate samples of ag-

gregates, but does not show sensitivity to contact with fly ash 

leachate sample. In this study, the use of yeast Saccharomy-

ces cerevisiae as a test organism was used for the first time in 

the evaluation of the ecotoxicity of raw and construction ma-

terials (simple test, fast execution and low cost), and it was 

possible to conclude that yeast can be used for the prelimi-

nary assessment of the ecotoxicity of this type of materials 

because, unlike bioluminescent bacteria, it is a good indicator 

of toxicity to Daphnia magna. It was also found that the clas-

sification of raw materials and materials according to their 
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levels of potential danger and ecotoxicity is an important cri-

terion in the assessment of their ecological risk, because the 

classification of leachate samples according to the TCS leads 

to more conservative results. In fact, when raw materials 

with a high level of potential hazards (such as fly ash) are in-

corporated in construction materials, the potential hazard 

levels of these materials decrease. 

The density test, which allows understanding the internal 

material structure in terms of porosity and water absorption 

capacity of the aggregates, may be a good indicator of the 

leaching potential of building materials, and further studies 

should be carried out in this regard. 

The application of fly ash in concrete, in partial replacement 

of Portland cement, leads to low-cost building materials, con-

tributes to the reduction of carbon footprint from cement 

production and avoids landfilling. It is important to continue 

carrying out studies on the incorporation of high quantities 

of fly ash into concrete production, so that this raw material 

from industrial by-products is used and incorporated into the 

largest percentage possible. With this investigation, it was 

possible to conclude that the incorporation of high quantities 

of fly ash with an extremely high sulphate concentration 

(4.400 mg / kg) in the concrete, reduces the concentration to 

30 mg / kg for the samples A1, A2 and A3, so that it does not 

contribute to the increase in the probability of ettringite for-

mation, which could give rise to the blistering of the con-

crete. Concerning the concentration of chlorides, which are 

low in fly ash, when incorporated in concrete this concentra-

tion increases slightly. Studies should be carried out in these 

areas to mitigate the risk of sulphates and chlorides attack 

and avoid problems with the durability of the structures. 

Finally, it was concluded that the incorporation of recycled 

concrete aggregates and fly ash into cementitious building 

materials, replacing natural aggregates and Portland cement, 

may have environmental benefits because, on the one hand, 

contributes to the reduction of CO2 emissions in the construc-

tion sector and, on the other, avoids landfilling of waste con-

sidered to be hazardous in the case of fly ash. 
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