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NAPLES BARI



Organic and inorganic compounds

All carbon-containing compounds (except CO2, its salts and CO) are organic compounds
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OXIDATION OF BIODEGRADABLE COMPOUNDS

Biodegradable compounds are transformed by living organisms into carbon dioxide and

water, but there is a problem: the oxidative process involves the consumption of oxygen.

But how much oxygen is consumed?

Here's an example: Take a 1 L solution containing 1 mole of glucose (glucose

concentration is 1 M i.e. 180 g/L). We assume that it is oxidized by microorganisms

producing a negligible quantity of biomass compared to water and carbon dioxide:

C6H12O6 + O2
𝑚𝑖𝑐𝑟𝑜𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚𝑠

H2O + CO2

Let's balance the reaction

C6H12O6 + 6 O2
𝑚𝑖𝑐𝑟𝑜𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚𝑠

6 H2O + 6 CO2

The biological oxidation of one mole of glucose requires the consumption of 6 moles of 

oxygen (192 g/L). In standard condition (25 °C, 1 atm), the volume of consumed oxygen

is:

VO2 =
R ∙ n ∙ T

P
=

0,0821 ∙ 6 ∙ 298

1
= 146 L



BIOCHEMICAL OXYGEN DEMAND: BOD 

When a biodegradable compound is left in the environment, thanks to the intervention of living organisms, it is oxidized in 
carbon dioxide and water by the oxygen of the atmosphere. We can use this mechanism to estimate the amount of 
biodegradable compounds present in a water sample… Indeed, we can measure the amount of oxygen necessary for their 
biological oxidation.

Ingredients :
- 1 amber glass bottle (V = 2 L);
- 1 L sample;
- If there is no bacterial flora in the sample, 
an inoculum is required;
- 1 airtight cap equipped with a 
manometer;
- 1 NaOH or KOH carbon dioxide absorber;
- 1 magnetic stirrer; 
- 1 Thermostat to keep the solution 
temperature at 25 ° C; magnetic stirrer

carbon dioxide
absorber

airtight cap equipped
with a manometer



2NaOHs + CO2,g Na2CO3,s + H2Ol

Over time, the microorganisms present in solution oxidize the biodegradable compounds. As a consequence, 
microrganims produce carbon dioxide, which is absorbed by Na(OH), and consume oxygen.  

The pressure in the headspace 
decreases!
By measuring the pressure 
difference, it is possible to trace 
the amount of oxygen 
consumed (in gO2) and, 
considering the volume of the 
sample (1 L), biochemical 
oxygen demand is obtained. 

𝐁𝐎𝐃 =
𝐠𝐎𝟐
𝐋

BIOCHEMICAL OXYGEN DEMAND: BOD 

How long does a test for BOD measurement take?
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What would happen if we add penicillin to the solution?

Penicillin
(‘penicilina’, in spanish)



NOTHING HAPPENS! 

PENICILLIN IS NOT BIODEGRADABLE.

As a result, oxygen is not consumed…

…and maybe it kills all the bacterial flora in the bottle!

We have a problem: 

How do we take into account non-biodegradable compounds?



If you have a problem, ask a chemist…

…he has all the solutions



CHEMICAL OXYGEN DEMAND: COD 

Instead of using microorganisms we use chemical reactions to oxidize all the compounds present in solution. 

Specifically, a solution of K2Cr2O7 in sulfuric acid is added to the sample and the whole is brought to 120 ° C for 2h... 

Cr6+

(it is orange)

(it is geen/light blue)

in the test tubes the content of

oxidizable compounds increases, from

left to right.



CHEMICAL OXYGEN DEMAND: COD 

4) The calibration curve ‘ABSORBANCE vs COD’ is prepared with the standard solution (see point 1) 

2) the reaction with H2SO4 and potassium dichromate occurs

3) the standards and the samples are analyzed with a spectrophotometer 
and the absorbance (A) of the solution at 600 nm  is measured

5) Now it is possible to convert the absorbance of the sample in a COD values

𝐂𝐎𝐃 =
𝐠𝐎𝟐
𝐋

1) the standard solution containing a known quantity of COD are prepared with potassium acid phthalate (KHP) 

C8H5KO4 1.176 mg O2 / mg KHP
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Por supuesto…

COD ≥ BOD30 ≥ BOD5

slowly 
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Emerging contaminants are naturally occurring or manmade chemicals, which have 

recently been detected in environment and whose toxicity or persistence may 

threaten the survival of living beings (Bell et al., 2019; Mo et al., 2019).

Bell, C.H., Gentile, M., Kalve, E., Ross, I., Horst, J., Suthersan, S. (2019). Emerging Contaminants Handbook. 
CRC Press.
Mo, L., Zheng, J., Wang, T., Shi, Y.G., Chen, B.J., Liu, B., Ma, Y.H., Li, M., Zhuo, L., Chen, S.J. (2019). Legacy and 
emerging contaminants in coastal surface sediments around Hainan Island in South China. Chemosphere, 
215, 133-141. DOI: 10.1016/j.chemosphere.2018.10.022

EMERGING CONTAMINANTS



Why emerging contaminants?



Many emerging contaminants, such as 

antibiotics, pharmaceuticals, illicit drugs, and 

personal care products, are discharged in 

municipal sewers and reach the WWTPs



Concentration range of selected ECs in raw influent (ng/L) and treated effluent 

(ng/L) from full-scale WWTPs in different geographical regions.





In some cases, there is a decrease in the 

concentration of some emerging contaminants. 

What happened?



CONVENTIONAL WWTP SCHEME



Concentration of selected ECs in sewage sludge and biosolids from WWTPs.
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 logK
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Ionization states at pH = 6.0 (%) Ionization states at pH = 8.0 (%) 
       Anion Neutral Cation  Zwitterion Anion Neutral Cation  Zwitterion 
Antibiotics                       
Azithromycin <MQL - 1220 4.02 8.74 0 0.1 99.9 0 0 0.3 99.7 0 
Chlortetracycline <MQL - 28260 -0.62 3.3 / 7.4 / 9.3 0 0 0 100 0 0 0 100 
Ciprofloxacin 1400 - 160000 -2.82 3.32 / 5.59 / 8.85 0 0 36.3 63.7 17.3 0 0.5 82.2 
Clarithromycin <MQL - 580 3.16 8.82 / 13.1 0 0.4 99.6 0 0 29.4 70.6 0 
Enrofloxacin 7.6 - 11560 0.83 5.69 - - - - - - - - 
Lincomycin <MQL - 4967 0.2 7.6 0.3 0 0.3 99.4 28 0 0 72 
Minocycline 121 - 2630 0.05 2.8 / 5.0 / 7.8 / 9.3 0 0 0 100 0 0 0 100 
Ofloxacin 150 - 8140 -0.39 5.97 / 9,28 - - - - - - - - 
Oxytetracycline <MQL - 3790 -0.90 3.27 / 7.3 / 9.6 3.8 0 0.1 96.1 52.9 0 0 47.1 
Tetracycline <MQL - 2790 -1.37 3.3 / 7.7 / 9.7 0 0 0 100 5.2 0 0 94.8 
Antifungal/antimicrobials                       
Miconazole <MQL - 1100 6.1 6.77 - - - - - - - - 
Triclocarban 362 - 48100 4.34 12.7 0 0 0 100 0 0 0 100 
Triclosan 354 - 19700 4.76 7.9 2 94 2 2 67.6 32.4 0 0 
NSAIDs                       
Acetaminophen <MQL - 586 0.46 9.7 0 100 0 0 3.3 96.7 0 0 
Ibuprofen <MQL - 3988 3.97 4.91 93.4 6.6 0 0 99.9 1 0 0 
Naproxen <MQL - 1022 3.18 4.2 98.5 1.5 0 0 100 0 0 0 
Salicylic acid <MQL - 13743 2.26 2.97 99.9 0.1 0 0 100 0 0 0 
Beta-blockers                       
Propanolol <MQL - 849 2.02 - - - - - - - - - 
Lipid regulators                       
Gemfibrozil < MQL - 1192 4.77 4.5 97.5 2.5 0 0 100 0 0 0 
UV filters                       
Octocrylene 1060 - 9170 7.04 14 0 100 0 0 0 100 0 0 
Oxybenzone <MQL - 790 3.79 9.6 7.8 92.2 0 0 89.4 10.6 0 0 
Stimulant                       
Caffeine <MQL - 805 -0.07 14 0 100 0 0 0 100 0 0 
Plasticizer                       
Bisphenol A <MQL - 4700 3.32 9.6 0 100 0 0 1.6 98.4 0 0 

 

Effect of pollutant characteristics on their presence in the WWTP sludge



Cape Town

2017… 





Almost 50 L/(EAxd)





Annual water consumption in Italy is around 54·109 m3/y:   

- 70% for agriculture;

- 20% for industries;

- 10% for urban activities.

Faced with these needs, there is an estimated annual meteoric supply of 

around 300 ·109 m3/y.                                                                (ISTAT 2000)

- Evapotranspiration: 40-45% 

- Runoff: 40-45% 

- Groundwater recharge 10-15% (30-45·109 m3/a)

It seems that there are no problems. However…







Possible wastewater reuse

(Report ‘Water reuse in Europe’, EU 2014)



Possible wastewater reuse in Europe

(Report ‘Water reuse in Europe’, EU 2014)



(Report ‘Water reuse in Europe’, EU 2014)

Possible wastewater reuse in Europe



What compounds should we worry about?



What compounds should we worry about?


