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Workgroup a
BioBricks
The Fate and Effects of Sewage 
Sludge-Based Bricks on human health 
and Water Resource Quality 

aBStraCt

The overall project goal is to prevent water pollution in the River Basin of the Danube’s stretch crossing 
Croatia, Serbia and Hungary, coming from the use of sewage sludge-based bricks in house construction, 
which despite representing a solution to the ever increasing problem of waste management and determi-
ning a reduction of the clay needed for construction, may pose environmental and health dangers if not 
properly used, due to leaching of toxic substances and heavy metals into the waters. The project aims at 
creating a comprehensive database on SSBB environmental and health effects; developing a guideline for 
SSBB manufacturers on standardised SSBB production, and increasing the awareness and knowledge of 
manufacturers and consumers on possible negative effects and the proper handling/use of SSBBs. 
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GloBal cHallenGe consiDereD

inclusive, innovative and secure societies

DanuBe riVer Basin cHallenGe consiDereD

no more risk from toxic chemicals
Healthy and sustainable river systems

BACKGRoUND INFoRMATIoN

ProBlem DeFinition

the production of sewage sludge-based bricks (ssBB) represents a solution 
to the ever increasing problem of waste management, but if treated improperly 
this innovative technology may pose harmful environmental and health effects.

on the one hand, the use of sewage sludge for brick manufacturing will 
reduce the amount of waste and will reduce the amount of clay needed for 
brick production. 

on another hand, the use of sewage sludge-based bricks (further on – ssBB)  
may pose negative externalities on the environment and the people. the pres-
ence of heavy metals in the sludge may be a problem in case a construction is 
made without a facade that serves as a protective shield against the rain and 
prevents heavy metals from leaching. in that case the leaching of toxic sub-
stances into the waters of the Danube river Basin can cause negative effects 
on the aquatic flora, fauna, and the human health.

the application of dewatered sewage sludge for production of bricks start-
ed on a commercial scale in mid 80s, with the sludge content in manufactured 
bricks ranging from 10 % to 80 %. according to manufacturers these bricks 
satisfy all technical requirements but there are still contradictory data regard-
ing the safety of ssBB, especially if they are not properly protected. 

the supply side – production of sewage sludge-based bricks should com-
ply with the technical requirements and environmental and health safety 
norms; on the demand side, the people using ssBB for private or commercial 
construction, should be aware of the rules of proper handling of these bricks 
and be stimulated to apply them.
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Project linK to tHe DanuBe riVer Basin sustainaBilitY cHallenGe

the Danube river basin represents the foundation of the Black sea ecological 
network, and as such its sustainable development is of the outmost impor-
tance for the social-economic wellbeing and environmentally sound develop-
ment of the countries forming part of this river basin.

this project will be implemented in the Danube river region of the three 
selected countries – croatia/serbia/Hungary. the project area of the three 
chosen countries enjoys a protection status, e.g. special nature reservation 
“Gornje Podunavlje” in serbia; nature Park “Kopacki rit” in croatia; and na-
tional Park “Danube-Drava” in Hungary.

the project results and findings, however, can be extended onto the entire 
Danube region since waste management and water pollution issues are of 
high relevance for the entire Danube river basin. specifically, apart from the 
formal project objectives an extra value-added of this international collabora-
tion will be the dissemination of the project findings onto the Danube river 
basin, specifically the guidelines on the improved ssBB production technolo-
gies, and the creation of an international ecological network that will share 
data from biomonitoring studies conducted in the Danube river Basin area. 

the project will significantly increase the awareness of ssBB producers 
and consumers on the issues involved in the proper use of these bricks, and it 
will promote the ecological and sustainable development of the selected parts 
of the Danube river basin, with a follow-up replication onto the entire Danube 
region.

the areas of expertise required for the project implementation will be ge-
ography, chemistry, biology, toxicology, public health, civil engineering, archi-
tecture, ecology, policy, economics and public relations.

PRoJECT GoAl AND oBJECTIvES

Goal 

the overall project goal is to prevent water pollution in the Danube river Ba-
sin, particularly on the Danube stretch in croatia/serbia/Hungary, coming from 
the use of sewage sludge-based bricks in the house construction.
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oBjectiVes

1. create a comprehensive database on environmental and health effects of 
the sewage sludge-based bricks used in the construction of houses in the 
Danube river Basin on the territory of croatia/serbia/Hungary.

2. Develop a guideline for sewage sludge-based brick manufacturers of cro-
atia/serbia/Hungary on the standardized sewage sludge-based brick pro-
duction.

3. increase by 50% the awareness of the sewage sludge-based brick manu-
facturers and the residents of croatia/serbia/Hungary of the Danube river 
Basin on the possible negative effects of the sewage sludge-based bricks 
and their knowledge on the proper handling/use of the sewage sludge-
based bricks.

Below are the maps displaying the geographical coverage of the project (tak-
en from the internet):

Figure 1. Maps of the Danube River basin with a focus on the project areas – Croatia (Slavonia 
area), Serbia (vojvodina area) and hungary (Southern area) highlighted by the circle
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PRoJECT oBJECTIvES IN DETAIl

objective 1: create a comprehensive database on environmental and health 
effects of the sewage sludge-based bricks used in the construction of houses 
in the Danube river Basin on the territory of croatia/serbia/Hungary.

as a result of the project work a database on the temporal and special distri-
bution of ssBB in the area of croatia, serbia, and Hungary in the Danube river 
basin will be developed and regularly updated by the participating project 
partner institutions. a detailed distribution of the already existing ssBB hous-
es in the area of croatia (slavonia area), serbia (Vojvodina area) and Hungary 
(southern area) will be identified and mapped in order to obtain detail informa-
tion on the usage of this type of bricks for house construction in the villages 
and cities of the selected area. 

the following types of scientific analyses will form part of this database:

1) A chemical analysis of the SSBB and surrounding surface water, ground 
water and soil 
the aim of this type of an analysis is a detailed chemical characterization 
of the sewage sludge used for brick manufacturing to determine the chemi-
cal composition and the bulk elemental concentration of heavy metals pre-
sent in the sludge. 
in order to determine possible leaching of heavy metals from the bricks 
they will be exposed to precipitation in control laboratory conditions to de-
termine the amount of heavy metals after the precipitation. to examine a 
possible contamination of the surrounding surface water, ground water and 
soil with heavy metals we will collect samples around the houses already 
built with this type of a material and we will also conduct a biomonitor-
ing study of the watercourses with transplants of the aquatic moss (Rhyn-
chostegium riparioides Hedw.). mosses are excellent bioaccumulators of 
trace elements and can solve problems like detection limits of instruments 
as the concentrations of trace elements in water are often below the in-
strumental limit of detection (loD) or they rapidly change in space and 
time, as for example, in case of intermittent pollution sources.

2) In vivo cyto/genotoxicity study on plant and animal model
the aim of this analysis is a detailed cytotoxicity and genotoxicity study on 
plant and animal model that would be done in vivo on duck weed (Lemna 
minor l.) and fresh mussel (Unio pictorum). Fresh mussel is commonly liv-
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ing in the Danube river as a bioindicator of exposure since the mussels are 
filtering harmful substances. additionally study will be done on zebra fish 
(Danio rerio) model that is widely used as a model in toxicity studies. Zebra 
fish study will be done on two generation to see the impact on the offspring 
on blood, liver, gill and gonad cells, and in embryos, larvae, juvenile and 
adult stage to have the results on developmental toxicology.

3) In vitro cyto/genotoxicity study on human model
studies will be conducted in vitro on primary human blood cells (human 
peripheral blood lymphocytes, HPBls) since those cells are sensitive bio-
markers of exposure to toxins.

oBJECTIvE 2: Develop a guideline for sewage sludge-based brick manufac-
turers of croatia/serbia/Hungary on the standardized sewage sludge-based 
brick production.

the following will feed this objective:

1) Development of new technologies in SSBB production to reduce the toxic 
effect of the final product
this part aims to develop new purification methods of sewage sludge in or-
der to have a more purified material for brick production. new technologies 
will be introduced to minimize the leaching of potentially toxic elements. 
standards on the raw materials that can be used in the production will be 
set to be applied on the entire project territory. specifically, the production 
of bricks will be optimized taking into account the optimum ratio of sewage 
sludge and clay material, preparation of raw material, proper brick molding 
and drying procedures and sintering in order to obtain sustainable bricks 
with a minimal toxic content.

2) Legal framework amendment
a regulation on the sewage sludge-based brick production for ssBB man-
ufacturers, and a policy on compliance of the ssBB manufacturers and 
users with the environmental and health safety norms will be developed 
and proposed to decision-makers.
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oBJECTIvE 3: increase by 50% the awareness of the sewage sludge-based 
brick manufacturers and the residents of croatia/serbia/Hungary of the Dan-
ube river Basin on the possible negative effects of the sewage sludge-based 
bricks and their knowledge on the proper handling/use of the sewage sludge-
based bricks.

to achieve this objective the following activities will be carried out:

1) A baseline awareness survey
this study will be carried out to assess the current level of awareness of 
the sewage sludge-based brick manufacturers and the residents of cro-
atia/serbia/Hungary of the Danube river Basin on the possible negative 
effects of the sewage sludge-based bricks and their knowledge on the 
proper handling/use of the sewage sludge-based bricks. it will be carried 
out via structured questionnaires and meetings with stakeholder groups. 
the survey findings will serve as reference data to evaluate the awareness 
increase of the project target population at a later stage.

2) Media coverage
mass media will be involved to ensure the project publicity and visibility 
among the project target population (ssBB manufacturers, ssBB house 
owners and potential owners, scientific community) via creation of a pro-
ject website, regular publications and press-conferences, media field 
trips).

3) Scientific community exchange
Participation at scientific conferences, organization of scientific workshops 
and publications in the targeted research papers in environmental, toxicol-
ogy and civil engineering journals (Pubmed, scopus, Google scholar)

4) Educational campaigns
educational events (seminars, workshops, field trips) will be carried out for 
ssBB manufacturers, constructors and people living in the identified ssBB 
house areas. information events will also be carried out at the schools of 
the project area.
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PRoJECT MANAGEMENT

the project management will be carried out by a subcontracted agency, that 
will be responsible for the overall administration and financial transactions of 
the project; coordination of work among the project partners and implement-
ing institutions-organizations. this agency will carry out an overall supervision 
and monitoring of the project progress, and will serve as a link among the pro-
ject partners/ implementing organizations and the funding agency.



53projects – workgroup a

reFerences

ahmari s., Zhang l., 2012. Production of  
eco-friendly bricks from copper mine tailings 
through geopolymerisation. constr. Build. mater. 
29, 323-331.

alleman je., Berman na., 1984. constructive 
sludge management: biobrick. j. environ. eng. 110, 
301-311.

alleman j., Bryan e., stumm t., marlow W., 
Hocevar r., 1990. sludge amended brick 
production: applicability for metal-laden residues. 
Water sci. technol. 22, 309-317.

alonso-santurde r., andrés a., Viguri jr., 
raimondo m., Guarini G., Zanelli c., Dondi m., 2011. 
technological behaviour and recycling potential 
of spent foundry sands in clay bricks. j. environ. 
manage. 92, 994-1002.

alonso-santrude r., coz a., Viguri jr., andrés 
a., 2011. recycling of foundry by-products in the 
ceramic industry: green and core sand in clay 
bricks. constr. Build. mater. 27, 97-106.

Barbieri l., andreola F., lancellotti i., taurino 
r., 2013. management of agricultural biomass 
wastes: preliminary study on characterization and 
valorisation in clay matrix bricks. Waste manag. 
(in press).

Bolognesi c., Fenech m., 2012. mussel 
micronucleus cytome assay. nat. Protoc. 7,  
1125-1137.

cesa m., Bizzotto a., Ferraro c., Fumagalli F., nimis 
Pl., 2006. assessment of intermittent trace element 
pollution by moss bags. environ. Pollut. 144,  
886-892.

cesa m., Bizzotto a., Ferraro c., Fumagalli F., 
nimis Pl., 2009. s.tr.e.a.m., system for trace 
element assessment with mosses. an equation to 
estimate mercury concentration in freshwaters. 
chemosphere 75, 858-865.

collins ar., oscoz aa., Brunborg G., Gaivão 
i., Giovannelli l., Kruszewski m., smith cc., 
stetina r., 2008. the comet assay: topical issues. 
mutagenesis 23, 143-151.

cotelle s., Férard jF., 1999. comet assay in genetic 
ecotoxicology: a review. environ. mol. mutagen. 
34, 246-255.

cusidó ja., cremades lV., González m., 2003. 
Gaseous emissions from ceramics manufactured 
with urban sewage sludge during firing processes. 
Waste manag. 23, 273-280.

Dhawan a., Bajpayee m., Parmar D., 2009. comet 
assay: a reliable tool for the assessment of Dna 
damage in different models. cell Biol. toxicol. 25, 
5-32.

Din 38414-s4: German standard methods for the 
estimation of water, waste water and sludges, 
soils and sediments (group s). Determination of 
leachability by water. Berlin, Beuth Press,  
Berlin, 1984.

Duke rc., cohen jj., 1992. morphological and 
biochemical assays of apoptosis. in: coligan 
je., Kruisbeal am. (eds.), current Protocols in 
immunology. john Willey & sons, new York,  
pp. 1-3.

eliche-Quesada D., corpas-iglesias Fa., Pérez-
Villarejo l., iglesias-Godino Fj., 2012. recycling of 
sawdust, spent earth from oil filtration, compost 
and marble residues for brick manufacturing. 
constr. Build. mater. 34, 275-284.

Fenech m., morley aa., 1985. measurement of 
micronuclei in lymphocytes. mutat. res. 147, 29-36.

Fenech m., chang WP., Kirsch-Volders m., Holland 
n., Bonassi s., Zeiger e., 2003. Humn project: 
detailed description of scoring criteria for the 
cytokinesis-block micronucleus assay using 
isolated human lymphocyte cultures. mutat. res. 
534, 65-75.

Gutiérrez s., Fernandez c., Barata c., tarazona 
jV., 2009. Forecasting risk along a river basin 
using a probabilistic and deterministic model for 
environmental risk assessment of effluents through 
ecotoxicological evaluation and Gis. sci. total 
environ. 408, 294-303.

liew aG., idris a., samad aa., Wong cHK., jaafar 
ms., Baki am., 2004. reusability of sewage sludge 
in clay bricks. j. mater. cycles Waste manag. 6, 
41-47.

lingling X., Wei G., tao W., nanru Y., 2005. study on 
fired bricks with replacing clay by fly ash in high 
volume ratio. constr. Build. mater. 19, 243-247.



54

maluszynska j., juchimiuk j., 2005. Plant 
genotoxicity: a molecular cytogenetic approach 
in plant bioassays. arh. Hig. rada toksikol. 56, 
177-184.

mickisch G., Fajta s., Keilhauer G., schlick e., 
tschada r., alken P., 1990. chemosensitivity 
testing of primary human renal cell carcinoma by a 
tetrazolium based microculture assay (mtt). urol. 
res. 18, 131-136.

ohe t., Watanabe t., Wakabayashi K., 2004. 
mutagens in surface waters: a review. mutat. res. 
567, 109-149.

oreščanin V., mikulić n., mikelić i., Posedi m., 
Kampić s., medunić G., 2009. the bulk composition 
and leaching properties of electroplating sludge 
prior/following the solidification/stabilization by 
calcium oxide. j. environ. sci. Health a. 44,  
1282-1288.

Pappu a., saxena m., asolekar sr., 2003. solid 
wastes generation in india and their recycling 
potential in building materials. Build. environ. 42, 
2311-2320.

rakiman i., chinnadurai m., Baraneedharan u., 
Paul sFD., Venkatachalam P., 2008. γ-H2aX assay: 
a technique to quantify Dna double strand breaks. 
adv. Bio. tech. 7, 39-41.

ramadan mo., Fouad Ha., Hassanain am., 2008. 
reuse of water treatment plant sludge in brick 
manufacturing. j. appl. sci. res. 4, 1223-1229.

raut sP., ralegaonkar rV., mandavgane sa., 2011. 
Development of sustainable construction material 
using industrial and agricultural solid waste: a 
review of waste-create bricks. constr. Build. 
mater. 25, 4037-4042.

redon ce., nakamura aj., martin oa., Parekh 
Pr., Weyemi us., Bonner Wm., 2011. recent 
developments in the use of γ-H2aX as a 
quantitative Dna double-strand break biomarker. 
aging 3, 168-174.

rocco l., Peluso c., stingo V., 2012. micronucleus 
test and comet assay for the evaluation 
of zebrafish genomic damage induced by 
erythromycin and lincomycin. environ. toxicol. 27, 
598-604.

singh nP., mccoy mt., tice rr., schneider el., 
1988. a simple technique for quantitation of low 
levels of Dna damage in individual cells. exp. cell 
res. 175, 184-191.

singh nP., 2000. microgels for estimation of 
Dna strand breaks, Dna protein crosslinks and 
apoptosis. mutat. res. 455, 111-127.

strober W., 2001. trypan blue exclusion test of cell 
viability. curr. Protoc. immunol. a3B1-a3B2.

usePa, united states environmental Protection 
agency. toxicity characteristic leaching 
procedure, method 1311. u.s. environmental 
Protection agency, Washington, Dc, 1992a.

usePa, united states environmental Protection 
agency. synthetic precipitate leaching procedure, 
method 1312. u.s. environmental Protection 
agency, Washington, Dc, 1992b.

Vaj c., Barmaz s., sørensen PB., spurgeon D., 
Vighi m., 2011. assessing, mapping and validating 
site-specific ecotoxicological risk for pesticide 
mixtures: a case study for small scale hot spots in 
aquatic and terrestrial environments. ecotoxicol. 
environ. saf. 74, 2156-2166.

Watanabe t., ohe t., Hirayama t., 2005. occurrence 
and origin of mutagenicity in soil and water 
environment. environ. sci. 12, 325-346.

Weng cH., lin DF., chiang Pc., 2003. utilization of 
sludge as brick materials. adv. environ. res. 7, 
679-685.

Wester PW., van der Ven lt., Vethaak aD., 
Grinwis Gc., Vos jG., 2002. aquatic toxicology: 
opportunities for enhancement through 
histopathology. environ. toxicol. Pharmacol. 11, 
289-295.

White Pa., claxton lD., 2004. mutagens in 
contaminated soil: a review. mutat. res. 567,  
227-345.

Zhang l., 2013. Production of bricks from waste 
materials – a review. constr. Build. mater. 47,  
643-655.




