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Attenuation of emerging contaminants by 

wetland systems

Dr. Víctor Matamoros

Institute of Environmental Assessment and Water Research

The Universe of Chemicals  Globally 

•  73,000,000 organic + inorganic substances 

(2013) 

• Commercially available: 19,184,000 

• in commerce in USA, EU, Japan, China  

~150,000  

• production > 1 tonne/year ~ 30,000  

(UNEP, 2009)

Contaminants of emerging concern

<500 of them are routinely measured in

the aquatic environment

"Emerging pollutants" can be defined as pollutants that are currently not included in routine 
monitoring programmes at the European level, and which may be candidates for future 

regulation, depending on research on their (eco)toxicity, potential health effects and public 

perception and on monitoring data regarding their occurrence in the various environmental 

compartments. 

In some cases, release of 
emerging chemical or microbial 

contaminants to the environment 

has likely occurred for a long 

time, but may not have  been 

recognized until new detection 
methods were developed. 

Contaminants of emerging concern

Personal care products 
fragances (galaxolide, celestolide o tonalide),                                                                               

sun filters (oxibenzone)                                                                                                  

cosmetics (parabens, siloxanes)

Plasticizers 
Phthalats ( Di-n-butyl phthalat),                                                      

plastic additives (bisphenol A, bisphenol F, bisphenol S…) 

Pharmaceuticals
antiinflamatory/analgesics (ibuprofen, naproxen, diclofenac),                            

diuretics (furosemide),                                                                

antibiotics (erythromycin, sulfonamides)

Contaminants of emerging concern

Microplastics 
sorb and concentrate persistent organic pollutants (POPs), which 

can increase exposure to contaminants when these plastics are 

ingested

Disinfection by-products (except THMs)

iodo-THMs, N-nitrosamines…

Surfactants/ detergents
PFOA & PFOS (Perfluorooctanoic acid and 

Perfluorosulfonates) 

Flame retardants 
Polybrominated diphenyl ethers (PBDEs), 

organophosphates (tris(2-chloroethyl) phosphate)

Contaminants of emerging concern

Pesticides
Piretrines (permetrine)                                             

Phenoxyacid herbicides (mecoprop, 2,4-D, MCPA…)

Antiseptics
triclosan, triclorcarban, 

Nanoparticles (1-100 nm)                                                    
Silver nanoparticles added to socks to kill the bacteria

Anticorrosives
Benzotriazole, chlorophen

Ecotoxicological effects of the presence of ECs in the aquatic environment

Triclosan (antiseptic) Negative effects on frog
metamorphosis

Tiroxine (T4)

Diclofenac (nonsteroidal anti-inflammatory drug)

17-Ethynylestradiol (EE2) (birth control pill)

Feminization of male fishes: 5-6 ng/L (Fathead minnow)

Kidd, K.A et al. 2007. PNAS, 104(21), 8897-8901 

Effects on fish gills and liver (0.5-1 µg/L)

V. Christen et al.  Aquatic Toxicology 96 (2010) 167–181 

DCF consummption as a human and veterinary 
pharmaceutical drug is >1000 tons/year 

Contaminants of emerging concern

Collapse of a fish population after exposure to 
a synthetic estrogen 

Miyata and Ose. J Toxicol Pathol. 2012; 25(1): 1–9. 

Male

Famale

Male 
exposed
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Source: http://christinafontimayor.weebly.com/cellular-biology.html

W. Brack et al. / Science of the Total Environment 503–504 (2015) 22–31

Contaminants of emerging concern

-Reduction of macroinvertebrate
diversity in rivers 

-Behavioural changes in 

mosquito fish 

-Reproductive disruption in fish

Effects
“No substance is a poison by itself.  It is the dose that 

makes a substance a poison...”

Paracelsus 

(1493-1541)

Occurrence 
(Chemical exposure)

Ecosystem (structural 
and functional changes)

Contaminants of emerging concern

Example of a Pareto distribution 

Vilfredo Pareto (1848-1923) italian economist who stated in 

1906 the so called “80:20" (Pareto Principle) 

Sociology: “20 % of people own 80% of wealth” 

Quality Control: “20 % of causes account for 80% of 

failures” 

“Few compounds are responsible for most of the risk” 

Sorce: W. Brack et al. 2013. Solutions Project kick-off Presentation 

Watch list

Estrogens

NSAID

Personal Care
Products

Antibiotics

Pesticides

Contaminants of emerging concern

Elodie Passeport’s Lab

High amount of unknown transformation products (TPs) are discharged or produced in the
surface water bodies

Contaminants of emerging concern

Some are more reclacitrant and 
toxic than the parental compounds

Coelho AD, Sans C, Agüera A, Gómez MJ, Esplugas S, Dezotti M (2009). Sci. Total Environ. 407, 3572-3578

Crop’s uptake and human health risk

Intake of crops irrigated with reclaimed water

(Genotoxic)Carbamazepine

Source: Goldstein, et al. 2014. Environ. Sci. Technol., 48(10), 5593-5600

Crops irrigated 
with treated 

wastewater

Source: Malchi, T et al.. 2014. Environ. Sci. Technol., 48(16), 9325-9333. Wu, X., et al. 2015. Sci. Total Environ., 536, 655-666.

Contaminants of emerging concern

The threshold of toxicological 
concern for a child  is of 60 

g/day (half a carrot) 

Wetland systemsConventional treatments

-Activated sludge,
-Membrane biological reactors,

-Advanced oxidation processes 

(ozone, TiO2...)

-Membrane-based treatments

-Constructed wetlands, 
-Buffer strips

-Restored wetlands

-Recharge basins…

-Urban and industrial wastewater,
-Surface and agricultural run-off water efluents

Intensive systems
Extensive systems

Wetland systems
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6) Volatilization

1) Biodegradation

Aerobic Anoxic Anaerobic

DirectIndirect      

Plant 
uptake

Increase of 
biodegradation

adsorption absorption

4) Sorption

5) Phytoremediation

Microcontaminants
2) Hydrolysis

Attenuation processess/mechamisms

3) Photodegradation

1. CW configuration (HFCW, VFCW vs. SFCW)

2. Water depth (HFCW)

3. Clogging (HFCW and VFCW)

4. Surface area (HFCW and SFCW)

5. Plant effect (VFCW)

6. Seasonality (SFCW)

7. Sorption material (HFCW)

Factors affecting the attenuation of CEC in CWs

Different factors promote different attenuation processes
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1-CW configuration

VFCW

SFCW

HFCW

-CWs working under aerobic conditions are more efficient.
-SFCW configuration is the most efficient due to the 

occurrence of different removal processes (biodegradation, 

adsorption and photodegradation)

Factors affecting the attenuation of CEC in CWs

HFCW (n= 5)
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Shallow bed (0.3 m)
deep bed (0.5 m)

-Sallow CWs are more efficient than

deep ones, due to the less

anaerobic conditions (less negative

redox potential).
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2-Water depth effect

0.5 vs. 0.3 m

Factors affecting the attenuation of EOCs in CWS
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Deep systems showed clogging after 10 operation years, whereas shallow 

systems did not.

HFCW

3-Clogging effect The accumulation of different type of solids and biofilm, leading to a reduction 
of the infiltration capacity of the gravel bed 

Factors affecting the attenuation of CEC in CWs
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4-Surface area effect

1-Exponential concentration 
decay.

2-Lineal concentration 

decay.

3-No decline (recalcitrance).

4-Decline by adsorption (log 
Kow>5).

Factors affecting the attenuation of CEC in CWs
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 VFCW

Sand filter

VEGETATION

-Increases oxygen transfer.

-Releases exudates which increase

biodegradation rate.

-Plant uptake.

VFCW

5-Plant effect

Factors affecting the attenuation of CEC in CWs

Matamoros V, Bayona JM (2013): Chapter 12 - Removal of Pharmaceutical Compounds from Wastewater and Surface Water 

by Natural Treatments. Comprehensive Analytical Chemistry. Elsevier, pp. 409-433

Higher removal efficiency in warm season for compounds removed by

biodegradation and photodegradation (i.e. diclofenac and naproxen).

SFCW
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6-Seasonal effect
Summer Winter

Factors affecting the attenuation of CEC in CWs

Matamoros V, García J, Bayona JM (2008). Water Res. 42, 653-660

7-Sorption material

Removal efficiencies of clofibric acid 
(CA), ibuprofen (IB) and 

carbamazepine (CB) by granulated 

cork (after 144 h of contact time) for 
initial concentrations of 35 mg L-1 of 

each compound

-Coarse granite gravel
or sand media are the

regular support matrix

for CWs.

Sand Gravel Cork LECA

LECA: Light Expanded Clay Aggregate

The removal efficiency of EOCs in LECA biofilters was 
similar than that observed in sand filters.

Factors affecting the attenuation of CEC in CWs

Matamoros V, Arias C, Brix H, Bayona JM (2009): Water Res. 43, 55-62

Ibuprofen Naproxen Caffeine Oxybenzone (BP-3)

R
e
m

o
v
a
l 
e

ff
ic

ie
n
c
y
 (

%
)

0

20

40

60

80

100

LECA filter
Sand filter

Cork

Dordio AV, Gonçalves P, Texeira D, et al (2011): Int. J. Environ. Anal. Chem. 91, 615-631

Case studies

1-Use of a hybrid CW systems for wastewater treatment

2 VFCW (3 m2) + HFCW (2 m2) + SFCW (2 m2) 

HLR= 0.06, 0.13 and 0.18 m d-1

Wastewater spiked with CEC at 1-5 µg/L

The average overall removal efficiency of all selected CEC (except for antibiotics, 43 ± 32%) was high (87 ±
10%), probably due to the simultaneous occurrence of biodegradation, sorption, hydrolysis and 

photodegradation processes in the hybrid CW system.

Ávila C, Matamoros V, Reyes-Contreras C, Piña B, Casado M, Mita L, Rivetti C, 

Barata C, García J, Bayona JM (2014). Sci. Total Environ. 470-471, 1272-1280

In-off tank VFCW HFCW SFCW
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The photodegradation of 
triclosan produces tetra-

chlorinated dioxins

Case studies

2-SFCW vs. conventional tertiary treatment: water reuse (Spain)
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Matamoros, V., Salvadó, V. 2013 Journal of Environmental Management, 117, pp. 96-102.. 

Matamoros, V., et al. 2012 Bioresource Technology, 104, pp. 243-249.

Empuriabrava WWTP. 
35,000 PE

Polishing ponds+ SFCW

(HRT=7-15 days)

Blanes WWTP. 
110,000 PE

Flocculation, 

lamella clarifier, 
sand filter, UV 

reactor, 

chlorination

(HRT=6-8 h)

Total surface area = 7 ha

Case studies
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Transformation products (TPs)
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Case studies

Diclofenac
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Matamoros, V., Nguyen, L.X., Arias, C.A., Salvadó, V., Brix, H. (2012) 
Chemosphere, 88 (10), pp. 1257-1264.

The presence of plants increases the attenuation of microcontaminants and their TPs

(1-(8-Chlorocarbazolyl)acetic acid)
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Laboratory-scale studies

Case studies

3-Use of HFCW as a wastewater tertiary treatment for water reuse (Spain)

-In the year 2000, with the aim of re-naturalising the River Besòs, 60 HFCWs were built along a 
3.2 km stretch of the Besòs basin, each with a width of 50 m and between 20 and 35 m long.

-30% of the WWTP effluent (432,000 PE) is diverted to the CWs

Case studies

Occurrence and removal efficieny:

Poster 33
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Case studies

4-Use of  CWs for sludge treatment (Denmark) 

Matamoros V, Nguyen LX, Arias CA, Nielsen S, Laugen MM, Brix H (2012). Water Res. 46, 3889-3896
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10 basins planted with common reed (Phragmites australis) with filter
surface areas ranging between 818 and 1,308 m2.

Each basin was subjected to a loading quota of 700-1,000 m3 sludge
over a period 5-7 days, followed by a rest period of 40-50 days under

normal operation

A total of 13 sludge sample layers from the top to the bottom of the
reed bed were collected from each sampling site. Samples were

collected by a 12-cm diameter stainless steel corer (130 cm).

20 years old sludge treatment
reed bed facility

2002

2011

252 kg N/ha year

5-Use of restored wetlands for surface water treatment (Denmark)

-Surface area of 200 ha

-Average water depth of 0.5 m

-Agricultural run-off and 

wastewater efluents

-HRT ranged between 3 and 

20 days over the year

(average 7 days). 

Case studies

Matamoros V, Arias CA, Nguyen LX, Salvadó V, Brix H (2012). Chemosphere 88, 1083-1089

2 sampling campaigns per 
month from September to 

December 2010

Case studies
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Matamoros V, Arias CA, Nguyen LX, Salvadó V, Brix H (2012). Chemosphere 88, 1083-1089

Occurrence of CEC in influent surface waters

The concentration of pesticides showed a high variability due to the agricultural run-off 
(rain-fall event).

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiqvKqjqaTLAhUDcRQKHWJkDJIQjRwIBw&url=http://www.altinget.dk/christiansborg/jobannoncer.aspx?id=1252&psig=AFQjCNHAHZJvGztekSy3kNEWKcMpQFu4FA&ust=1457087822178055
https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiqvKqjqaTLAhUDcRQKHWJkDJIQjRwIBw&url=http://www.altinget.dk/christiansborg/jobannoncer.aspx?id=1252&psig=AFQjCNHAHZJvGztekSy3kNEWKcMpQFu4FA&ust=1457087822178055
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- Average attenuation of microcontaminants 20%.
-The peak concentration of herbicide was attenuated by more than 80%. 

Case studies

Matamoros V, Arias CA, Nguyen LX, Salvadó V, Brix H (2012). Chemosphere 88, 1083-1089

Mitigation efficiency 6-In-stream attenuation of CEC (Spain)

Case studies

A large number of small–medium WWTPs  
(10,000 PE) discharge their treated wastewater 

into seasonal streams.

-Mediterranean streams are dry almost of the 
year upstream of the WWTP

-The only water that flows is the treated 

wastewater 
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Presence of vegetation

Case studies

The presence of vegetation increases the attenuation rate of emerging 

contaminants
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Unvegetated stream
Vegetated stream

-3 km downstream
-Sampling points:7

-Conductivity:

3030± 80 µS/cm
-Water velocity: 

0.1 m/s

-1.5 km downstream
-Sampling points:7

-Conductivity: 

2560±60 µS/cm
-Water velocity: 

0.3 m/s

*

The water flows from the bed of the wetland body 
through sand and gravel aquifers into wells or 

filtration galleries adjacent to the river.

-Filtration
-Biodegradation

-Adsorption

-Chemical precipitation
-Redox reactions

Case studies

*

Recharge basin with vegetation (treated wastewater from 
Tossa Mar WWTP)

Highly integrated 
in the landscape

Are they capable of 

removing CEC?

6-Use of  recharge basins for  CEC attenuation (Spain) 

Tossa de Mar WWTP

Recharge basin

Extraction well

Stream

Case studies

Recharge basin 
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Case studies

WWTP effluent

Extraction well

>90% attenuation

Matamoros V, Salvadó V (2013). J. Environ. Manage. 117, 96-102
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Aquifer recharge (from WWTP effluent to extraction well) was manifested as a 

useful way for the removal of high amount of emerging contaminants (>90%).

Average concentration of 25 Emerging Contaminants
upstream

downstream

Tossa de Mar Creek dry 
upstream of the recharge 

basin (pond)

Case studies

Recharge basin Recharge basin

Purple 
tubing for 

water ruse

Dog’s home/pound Public garden irrigation Street cleaning

Photos: Lluís Sala

Case studies

-The attenuation of CEC in CWs depends on different factors (CW configuration,
clogging, surface area, presence of plants, seasonality, sorption material…).

-The use of Hybrid CWs improves attenution of CEC

-CWs used as tertiary teratmet technolgy are able to remove CEC more efficienty
than conventional tertiary systems

-Reed bed sludge systems, restored wetlands, recharge basins and buffer strips

are useful for attenuating the discharge of CEC into the aquatic environment.

-The presence of vegetation enhances the attenuation of CEC.

Concluding remarks

-Include other CEC and toxicological studies of both influent and effluent waters. For example 
only some of the pollutants included in the EU watch list have been studied until now.

-Assessment of TPs, some of them can be more toxic than the parental ones.

-Understand removal mechanisms, interactions soil-plant (rizhosphere). Explore the capacity 
of plant exudates and uptake for removing pollutants.

Future trends

*

Thanks for your 

attention


