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Azam and Malfatti, 2007 Nature Reviews Microbiology 10:782


Microbial fingerprint on planet Earth 
and Human Society 
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https://www.youtube.com/watch?v=Vl6VhCAeEfQ


https://www.stockholmresilience.org/research/planetary-boundaries.html 4

Planetary boundaries

The planetary boundaries concept presents a set of nine planetary boundaries within which 
humanity can continue to develop and thrive for generations to come

In September 2023, a team of scientists quantified, for the first time, all nine processes that 
regulate the stability and resilience of the Earth system

https://www.stockholmresilience.org/research/research-news/2023-09-13-all-planetary-boundaries-mapped-out-for-the-first-time-six-of-nine-crossed.html


Novel entities
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Microbes and Pollution
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Before 1972, humans around the word spewed trash, sewage sludge, and chemical, industrial, and 
radioactive wastes into the ocean with impunity


The London Convention, ratified in 1975 by the United States, was the first international agreement to 
spell out better protection for the marine environment 

The agreement implemented regulatory programs and prohibited the disposal of hazardous materials at 
sea 

An updated agreement, the London Protocol, went into effect in 2006, more specifically banning all wastes 
and materials except for a short list of items, like leftover materials from dredging It can change the physical, 
chemical, and biological state of the ocean and coastal areas, posing a threat to marine wildlife and 
ecosystems, and the industries and livelihoods dependent on them, such as fisheries and tourism. Toxic 
chemicals also become concentrated in the food chain and can impact human health. 


There are three significant forms of oceanic and coastal pollution:

• Nitrogen-phosphorous pollution from agriculture, sewage, and urban and industrial run-off;
• Chemical pollution that comprises, but is not limited to, pesticides, petroleum, pharmaceuticals and 

personal care products, heavy metals and industrial discharge;
• Plastic-debris pollution.

Human pollution Chemical pollution Radioactive pollution

Pollution
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https://www.epa.gov/ocean-dumping/learn-about-ocean-dumping
https://www.epa.gov/ocean-dumping/ocean-dumping-international-treaties
http://www.imo.org/en/OurWork/Environment/LCLP/TC/Documents/London%20Protocol%20Why%20it%20is%20needed%2020%20years.pdf


https://emodnet.ec.europa.eu/geoviewer/#!/
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Ocean pollution: 
• Microbial contamination 
• Mercury cycle 
• Oil Spill/Crude oil seepage 

9



10

La
dr

ig
an

 e
t a

l .
, 2

02
0



Microbial /contamination 
pollution 

Via wastewater discharge
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Human & Animal waste
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Pathogenic bacteria, viruses and fungi



Fecal indicator Organisms: E. coli and enterococci concentrations from waste water system
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Global map of the terrestrial sources (green to blue) and 
coastal diffusion of inputs (yellow to purple) of total 
wastewater
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Wastewater production (m3 yr−1 per capita) 

(a), collection (%) (b), treatment (%) (c) and reuse (%, irrigation, 
desalinisation) (d) at the country scale

Jones et al., 2021



Chemical pollution
There are several major groups of chemicals such as: 


• Pesticides and biocides; 


• Pharmaceuticals; 


• Industrial chemicals such as solvents, flame retardants and plastic softeners; 


• Unwanted by-products such as polychlorinated dibenzodioxins and furans


• Oil from spills, discharge and shipping persistent, bioaccumulative, and toxic 
substances


• Chemicals banned decades ago, like polychlorinated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs) 


• Pollutants recognised as endocrine disruptors and teratogens, which impact 
the ability of marine species to reproduce or reduce offspring survival rates, present 
a growing concern
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Heavy metals = Potentially toxic metals 

Biological molecules like lipids, nucleic acids, proteins, and enzymes get damaged due to the 
production of free radicals by the HMs thus increasing intracellularly the reactive oxygen species 
(ROS) levels thereby leading to oxidative stress


The failure in all of these biological substances creates several physiological issues, including, cell 
damage, DNA damage, and enzyme inhibition

Microbes-Heavy Metals interactions
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BIOREMEDATION
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Microbial Biotransformations
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Pourret & Hursthouse, 2019

Many of the trace elements contained in coal (Ag, As, Ba, Bi, Br, Cd, Cl, Co, Cr, Cs, Cu, F, Ga, 

Ge, Hf, Hg, I, In, Mo, Ni, Pb, Rb, Re, Sb, Sc, Sn, Sr, Th, Tl, U, V, Y, Zn) in gaseous emissions or 

fly ash are emitted into the atmosphere during the coal combustion process

Microbes-Heavy Metals source in the 
environment



Transition from being essential to be 
toxic: metal gradients in biota
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Example of metal requirement for a phytoplankton cell in the ocean
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 Typical does-response curve for (a) essential and (b) 
nonessential elements

Allow
ay, 2013
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Study case: Mercury cycle

MICROBES



Hg cycling budget
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https://www.whoi.edu/multimedia/mercury-cycle/
22
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Microbial Hg methylation studies identified sulfate and iron reducing bacteria, and methanogenic archaea 
as key methylating species, leading to a paradigm where MeHg was mainly produced in anoxic sediments with 
dissolved HgII-sulfide species as substrate

The microbial methylators
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https://www.whoi.edu/multimedia/mercury-cycle/
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https://www.whoi.edu/multimedia/mercury-cycle/



Oil Spill/Crude oil seepage 
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Natural seepage of crude oil into the marine environment 
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Locations of naturally occurring crude-oil seeps that impact the marine environment 
(adapted from Wilson et al. 1973). Numbers refer to number of seeps in a given region
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700 million liters per year
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120 million liters per year



Petroleum is a complex mixture of 
gaseous, liquid, and solid hydrocarbons 

Petroleum hydrocarbons (HCs) in the 
environment undergo weathering, which 
may involve physical (dispersion), 
physiochemical (evaporation, dissolution, 
sorption), chemical (photo-oxidation, auto-
oxidation), and biological (plant and 
microbial catabolism of hydrocarbons) 
influences

HCs undergo enzymatic reactions under the 
catalysis of oxygenase and catalase in the 
presence of oxygen —> HCs become C2 
molecules and converted in the tricarboxylic 
acid cycle through the peripheral 
degradation pathway for microbial growth 
and HCs are oxidized to CO2 and H2O by 
respiration and generate energy

Petroleum-Microbes interaction
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• Weathering has diverse time scale and affect in a specific manner the complex 
petroleum complex mixture

• Within few hours, HC spill phases: spreading, evaporation, dissolution, dispersion, and 
emulsification; (photo)oxidation, sinking

• Biodegradation starts after about 1 day, and can potentially last for years

• Spreading and evaporation, low‐viscosity oil with a higher content of volatile 
compounds, are enhanced by the action of wind, waves, and warm temperatures

• Waves and water turbulence induce dispersion by breaking the oil slick on the sea 
surface into droplets —> have a greater surface‐to‐volume ratio than oil slick, which 
facilitates dissolution, sedimentation, and biodegradation 

Petroleum weathering, I
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• Emulsification occurs if seawater droplets are suspended in oil and creates the 
so‐called highly viscose chocolate mousse, which binds a significant volume of 
water, delays weathering processes, and presents a major challenge for cleaning 
up owing to its stickiness

• Dissolution affects the water‐soluble fraction of light HCs

• Oxidation, favored by sunlight, is a slower process, with other chemical 
modifications, promotes tar formation in thick layers of highly viscous oil

• Weathered oil sinks to the ocean bottom via adsorption to so‐called marine snow

• Most of the weathered oil, however, continues to float on the surface until it ends 
on shorelines.

Petroleum weathering, II
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