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Industrial development versus environmental health.. Is the scale balanced?
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WWTP

;  

WWTP-M = 23 kg of CEC/dia

WWTP-I = 115 kg of CEC/dia

Yupeng F, Qi,Q, Chaofan, X, Yang,X, Lin,F. Resources, Conservation & Recycling 125, 293–299 (2017) .Sim, W.J, Lee, J.W, Lee, E.S, Shin, S.K, Hwang, S.R, Oh, J.E. Chem 82, 179–186, (2011).

Developing countries: 

CEC



Goiás State, Anapolis City, Brazil.

Study Area

DAIA

 2° 2nd largest producer of generic drugs in 
the country

 1°  in Latin America.

WWTP

 Mixed waste: sanitary and industrial.

 Primary treatment.

 It's undersized!

 Reports on non-compliance with 
legislation DP

Occurrence of CEC? WHICH ONES?
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•High Resolution Mass Spectrometry 

•Spectrum Data Base: GNPS

Which ones? how much?
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DP



 Monthly: September/2019 – February/2020 

Where to look? Extrema River! 
Upstream (US) Discharge Point (DP)

Downstream 01 (DS01) Downstream 03 (DS03)

Bisphenol A

Amoxicillin

Ciprofloxacin IbuprofenDiclofenac

E2

E1

E3
EE2 Triclosan Sulfamethoxazole Amitriptyline

Atenolol

Acetaminophen
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Other Parameters considered: CONAMA 357/2008  

*in dissolved fraction, lotic environment.
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 Concentration Range: 
o 3,5 ± 0,3 ng/L e 11,7 ± 0,1 µg/L

 Daily Load: 
◦ Brazil: 551 g.dia-1

◦ Spain: 29,4 g.dia-1

        

CEC concentration: how much risk? 

DPS, CFX, BPP, TEO, DIA, 
BZF, HCT, CHO [ ] PNEC

ATN, VLX, AMX, 
CAF, NPX 

SMX, CBZ, TCS, EE2,NGT, BPA, 
IBU e DCF 

𝑅𝑄=
𝑀𝐸𝐶
𝑃𝑁𝐸𝐶

[ ] PNEC

[ ] PNEC

Risk Assessment: 
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US
DP
DS01
DS02
DS03

Collado. N, Rodriguez-Mozaz. S, Gros. M, Rubirola. A, Barceló.D, Comas.J , Rodriguez-Roda.I , Buttiglieri, G. Environmental Pollution 185, 202-212,(2014)



 Flexible algorithm 

 Allows you to select policy values!

A broader approach: WQI Canadian Council of Ministers for the Environment
Factor Calculation

F1

F2

F3

Step 1

 
Step 2

 

WQI-CCME
range Water Quality

100 - 95 Excellent

94 - 80 Good

79 - 65 Fair

64 - 45 Marginal

44 - 0 Poor 
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 Variables F1 e F2 become equal! 

• F1: Fault frequency

• F2: fault magnitude

Adaptation: Water quality index per sampling point 

 Variables that discriminate 
high and low quality 

 Selected: EC, DO, PO4
3- and 

TSS

WQI -CCME
Point All Parameters After PCA

US_C1 87 100
DP_C1 61 47

DS 01 _C1 61 29
DS 02_C1 68 47
DS 03_C1 87 82

US_C2 81 100
DP_C2 55 29

DS 01 _C2 61 29
DS 02_C2 68 47
DS 03_C2 74 47

US_C3 81 82
DP_C3 61 29

DS 01 _C3 68 47
DS 02_C3 68 47
DS 03_C3 74 65

US_C4 94 100
DP_C4 61 29

DS 01 _C4 61 29
DS 02_C4 68 47
DS 03_C4 74 65
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Concerning CEC: How to include them?

CEC

BIOCIDES
SMX
CPX
AMX

NSAID
PCT
IBU
DCF

Endocrine 
Disruptors

BPA
TCS
EE2

 CEC are barely included in routine 
WQ analysis

 CEC pose threat to aquatic life 

10

 Include CEC in adapted WQIs

 Candidate Lists

 PNECs as guidelines



 More restrictive quality index values when 
including CEC

 Almost all WQIs from DP to DS3 are considered 
poor

 Adapted WQICCMEs indicate a scenario more 
consistent with local pollution

As a result…
WQI -CCME

Point After PCA Including EMP
US_C1 100 95
DP_C1 47 12

DS 01 _C1 29 14
DS 02_C1 47 21
DS 03_C1 82 54

US_C2 100 94
DP_C2 29 15

DS 01 _C2 29 20
DS 02_C2 47 39
DS 03_C2 47 44

US_C3 82 95
DP_C3 29 28

DS 01 _C3 47 34
DS 02_C3 47 39
DS 03_C3 65 49

US_C4 100 100
DP_C4 29 28

DS 01 _C4 29 34
DS 02_C4 47 44
DS 03_C4 65 49
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 Total concentrations of CECs were more than ten times higher compared to receiving waters 
impacted by municipal wastewater discharges

 Fist glimpse of potential risks caused by CECs from industrial sources in Brazil 

 A simple and comprehensive estimate for water quality was proposed to guide decision 
making

Finally
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Thank you 
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