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The water cycle

In red sources
of ECs pollution



Major sources of water contamination:
Anthropogenic activities

Presenter Notes
Presentation Notes
One of the tools we have at our disposal is the sewage sludge conceptual model for assessing chemical exposure and hazard to human and ecological receptors.
We define the exposed population as the HEI or the RME.
This shows the agricultural land application scenario (we also have surface disposal and incineration scenarios, by the way).  This ag land app scenario shows where:
 We have an application area - biosolids are applied – livestock graze
 Buffer area, where you live, play, and fish….free-ranging chickens
 Waterbody, benthic and water column feeders…exposure
 Fate and transport mechanisms are modeled, based on available properties data for known pollutants – such as, volatilization, dispersion and deposition, runoff, bioaccumulation, plant and animal uptake.
 We populate the model with data that then runs through 3,000 iterations via the 14 exposure pathways
 Summing the various pathways for total risk
 And then a decision is made based on the ratio of exposure and risk.
We have completed assessments for various chemicals (e.g., dioxins) using this model or scenario.
Many of the exposure scenarios may also be appropriate for pathogens, but we are just not there yet when it comes to applying such a model to pathogens.
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INTRODUCTION

May 28, 2013, Bogota, Colombia.

The way of pesticides into the environment

Pesticide

Air

Other
organisms

Soil

Water



pH adjustement
pH=3

Filtration
0.7 µm glass

fibrefilter

900 µL sample
+ 100 µL 

surrogate st

Sample filtration
through 0.45 µm

TFE filter

Analysis in LC-
QqLIT-MS/MS

Direct column
injection

Pesticide multiresidue análisis by direct injection in the LC-
MS/MS

Lucía Pareja, ISC 2010

Presenter Notes
Presentation Notes
This diagram shows the sample treatment as you can see, once the sample arrives to the laboratory we adjusted the pH and we filteres throgh a 0.7 um glass fiber filter,  then 100 of surrogate st are added to 900 ul of sample as control for the entire procedure. The sample is then filter and directly injected in the LC/MS/MS system



Paddy field water analysis

Water samples were collected from
paddy fields in Valencia, Spain and Salto, 
Uruguay.

Lucía Pareja, ISC 2010

Presenter Notes
Presentation Notes
The third part of our work was to evaluate the performance of our method. And so we implemented a monitoring study with paddyfield waters that  were collected from two different regions, and in different times during rice cropping in Valencia in Spain and Salto in Uruguay.




Tricyclazole in a real sample and standard 
solution at 0.1 µg/L level.

Paddy field
water

Standard in 
matrix

190.1/163.1

190.1/136.1

Ratio 0.8 Ratio 0.8

Presenter Notes
Presentation Notes
This is another exaple but in this case for tricyclazole



LOQ 
(ng/L)

Valencia Uruguay

Concentration
range
(µg/L)

Concentration
range
(µg/L)Pesticides

Bensulfuron
methyl 6 0.20-1.97 N. D

Carbendazim 9 N. D 0.52-0.75

Imidacloprid 4 N. D 0.26-0.36

Tebuconazole 5 0.09-0.65 0.08-0.99

Tricyclazole 2 0.10-1.50 N. D

Concentration ranges (µg/L) of the 
detected pesticides in real samples.

Lucía Pareja, ISC 2010

Presenter Notes
Presentation Notes
As you can see 5 pesticides were found in the analyzed samples in the concentratios ranges presented in the table, bensulfuron methyl and tricyclazole presented the highest concentrations, around 1.8 ppb in some of the samples. The LOQ for these pesticides were below 10 ppt



Pesticides in Laguna del Cisne,
potable water source for 200 000 inh.

Ciudad de la Costa( 200.000 inh)



Citrus plantations by the Uruguay river



Pesticides in Surface waters

Problem: it is a snapshot!
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Spatial variations
Flowo

Point of discharge

Secondary stream flow

What about a 
continuos 
sampler?



Fish exposure to pesticides & contaminants



Fish exposure to pesticides & contaminants



Pati
Luciopimelodus pati

Boga
Leporinus obtusidens

Sabalo
Prochilodus lineatus

60% of the biomass of fish in Rio de la Plata basin
It can swim at 90km/h
food habit iliophagus

Production 20.000 t/year

Up to 1.20m long
Up to 30kg, 10y old
Carnivorous catfish
Depredated through sport fishing
Third species in economical importance

Small <40cm
4kg average weight
Abundant, very consumed
phytophagous

http://es.wikipedia.org/wiki/T


Sample treatments
10g +5mL H2O/10 mL ACN+MgSO4 + NaCl

a
PSA

MgSO4

b
PSA

RPC18
MgSO4

c d
PSA

Freeze out
MgSO4

PSA

RPC18-
Freeze out

MgSO4

123 GC & LC amenable pesticides

Increasing fat content



Pati



Dorado 
(Salminus brasiliensis)

Boga 
(Leporinus obtusidens)

Sábalo 
(Prochilodus

lineatus)

Tararira 
(Hoplias malabaricus)

Bagre 
(Pimelodus maculatus)

Vieja del Agua 
(Paraloricaria
vetula)

Feeding behavior of the species

Predadors

Omnívores

Detritívores

IntroducciónPesticide Monitoring with fishes

Presenter Notes
Presentation Notes
Para lograr esa visión integrada se seleccionaron 6 especies según sus hábitos migratorios y posición en la cadena alimenticia
Como ejemplo de detritivoros, que se alimentan de la materia orgánica del sedimento, tenemos la vieja del agua y el sábalo
Dentro de los omnívoros, que su alimentación es variada (semillas, bivalvos y pequeños peces), tenemos el bagre y la boga
Y como predadores la tararira y el dorado



Resultados y discusión
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Tararira Bagre Vieja del agua

Detection frequencies of pesticides in different
fish species

Presenter Notes
Presentation Notes
Ahora veamos como se distribuyen algunos pesticidas en el 99% de las muestras en las que identificamos pesticidas
Aquí vemos la frecuencia de detección separada entre especies migratorias y locales. Al analizar los resultados de esta manera no encontramos una relación entre ambos hábitos.
La mayoría de los pesticidas detectados son fungicidas
En ambos casos el pesticida más detectado es trifloxystrobin, lugego priraclostrobin y en el tercer puesto un herbicida, metolaclor.
Lo interesante del número uno en frecuencia de es solo se encontró a niveles cuantificables en 5 individuos de la campaña de setiembre de 2015



number of pesticides/ sample for non 
migratory species

Andrés Pérez INIA Las Brujas- 8/11/2017 



Pesticide occurrence in fresh water fish
from agricultural regions in Uruguay

Samples
winter

Samples end of
spring



Macroinvertebrates,odonates

Ecotoxicology and chemistry



Findings in odonate nimphs
(macroinvertebrates)

sample Conc. 
(µg/kg)

c3 <1
c8 1

Jesus et al Talanta, 2017

Metsulfuron methyl (label dose : 500g/ha



Another way of pesticides to water bodies



¿Co-destilation?
Drift of small droplets to the clouds?

Dragged by the rain?

N
N

N

O

O

Cl Cl

Are pesticides raining ?

Who will stop the rain?



CARBARILO ACETAMIPRID AZINFOS BUPIRIMATE BIFENTHRIN

CIPROCONAZOL ALDICARB CARBENDAZIN BUPROFEZIN CLORANTRALINOPROLE

CLORPIRIFOS METIL AZOXISTROBIN CLOMAZONE CADUSAFOS FENBUCANAZOL

DIAZINON BOSCALID ETHION CARBOFURAN 3H IMIDACLOPRID

DIMETOATO CARBOFURAN FENHEXAMID DICONAZOLE KRESOXIM

EPOXICONAZOL CLOTIANIDIN FLUFENUXURON ETONFENPROX OMEOTATO

HEXYTIAZOX DIFENOCONAZOL FLUOPICOLIDE FAMOXADONE FOSALONE

MALAOXON IMAZALIL FLUTRIAFOL FENAZAQUIN TERBUTILAZINE

MALATION METIOCARB FLUZILAZOLE FENTION SULFONE TRICLAZOLE

PENDIMETALIN METOMILO HEXACONAZOLE FENTION SULFOXIDE

PIRIFIMIFOS METIL METHOXYFENOCID LINURON METIOCARB SULFONE

PROPICONAZOL OXADIXYL LUFENURON METIOCARB SULFOXIDE

TEBUCONAZOL PIRACLOSTROBIN MEPANIPRIM MONOCROTOPHOS

TIAMETOXAN PROCLORAZ PIRIMICARB fOSMET

TIODICARB PIRIMETANIL SPIROXAMINE PROPAMOCARB

TRIFOXISTROBIN TIACLOPRID TEFLUBENZURON ZOXAMIDE

72 PESTICIDES

Pesticides searched



Experimental design

Sampling from May 2018 to Febrery 2019
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Experimental Design
sampling
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Rio de la Plata basin

Clouds do 
not

recognoize
any

borders!!!



Seasonal analysis

Mayo 2018 a Febrero 2019

Automn Early winter winter Esarly
spring Late srping summer













05/05/2018 y 31/05/2018
Imidacloprid y
propiconazol

08/07/2018 y 19/07/2018 13/12/2018

02/07/2018
Propiconazol

28/09/2018
09/01/2019 y 25/02/2019

Azoxystrobin
Trifloxystrobin
Chlorantraniliprol
Methoxifenoxide
Tricyclazol

Imidacloprid
Propiconazol
Malaoxon

Trifloxystrobin
Methoxifenoxide
Dimetoato

Ciproconazol
Trifloxystrobin
Azoxystrobin
Pyrimetanil

Presenter Notes
Presentation Notes
Acá puse los compuestos que se ven pero estan entre el LDinst y el LOQ del metodo
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The chemical universe

Emerging Contaminant can be defined as any natural or synthetic chemical compound, any microorganism 
that is not commonly monitored in the environment but has the potential to enter the environment and 
cause known, suspected or unknown adverse ecological or human effects. 

Presenter Notes
Presentation Notes
Hay muchas sustacinas química, y crece el numero cada dia. La toxicidad si uds miran es algo que se conoce muy poco
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Emerging Contaminants in Water

Pesticides

Pharmaceuticals 
and Personal Care 

Products

Endocrine 
Disrupting

Compounds

PFOA

PBDE

VIRUS!!!!!

Nanomaterials

Patogens





Emerging contaminants: a world survey

https://doi.org/10.1073/pnas.2113947119

258 rivers

104 conutries

137 regions

61 countries

6 continents



Frequency of detection of 61 pharmaceutical
products all over the world



Concentration range of 61 pharmaceutical
products found in river waters

• TOP FIVE
• Paracetamol
• Carbamazepi

ne
• metformin
• caffeine
• Nicotine

&
cotinine



Short discussion

Lower frequencies of detection
where sewage waters are treated

Specific pharmaceutical were
detected according to the región:

Therapetic habits

Easyness to reach over the counter
remedies ( antimicrobials)



Emergening contaminants in  Uruguay river

• Samlpes taken in the bath zone
• Effluents of a nearby stream reach

this zone
• Positive for 8 of the 61 compounds

searched
• Paracetamol, ranitidine, nicotine, 

coffein, gabapentin, a.o



Vegetables irrigated with
reclaimed water contaning
Personal Care Products can 

incorporate these products in the
edible portion

(Zheng, et al., 2014). 

Do emerging conntaminants in water enter the
food chain?



Partition of carbamazepine ans metabolites in sweet
potatos and carrots irrigated with reclaimed water



Food safety of irrigated tomatoes with
reclaimed water

Risk assesment showed
“Overall, the concentration 
levels of CECs de-
tected in the tomatoes, which 
were permanently irrigated 
with contaminated reclaimed 
water, do not pose a risk to 
human health via dietary 
intake”

MJMBueno et al, https://doi.org/10.1016/j.scitotenv.2021.150909



Do emerging contaminants reach tap water?

Paulo Frontera, unpublished results PhD thesis
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Do emerging contaminants reach tap water?

CAFFEINE

Natural 
raw water

Treated
Tap water

Paulo Frontera, unpublished results PhD thesis



NH

N

S

O
OH

O

O

NH2

NH

NH

S

O

OH

O

O

NH

NH

NH

S

O

OH

OH
O

NH NH

S

O

OH

O

O

(5S) AMX-DKP

OH

OH

AMX

OH

NH2

OH

NH2

(5R) AMXO

NH NH

S

O

OH
O

OH

NH2 H

(5S) AMXO

NH

NH

S

O

OH
O

O

NH

(5R) AMX-DKP

OH

H

H

H

+ +

DESCONOCIDO

H

AMXCs

49

What about the transformation products?
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2x10
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Some take home messages

• Water is being continously polluted by human activities
• The origin comes from agricultural activities, mainly pesticides but also

from the cities and sewage waters but also rain is a source of
contaminanted water

• These contaminants threaten the biota in aquatic ecosystems and pose a 
risk for consumers of for instance freshwater fishes

• No specific MRLs are settled for agricultural pesticides in fish, as no GAP is
related to wild freshwater fish. The Codex Allimentarius offers the
opportunity to settle Extraneous MRLs (E-MRLs)

• The treatment of freshwaters for human consuption must consider the
ellimination of EC. 

• The use of treated sewage Waters must be check in a case by case scenario
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Thank you !!!

Hvala vam!!!
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