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ECOTOXICOLOGY
Introduction
What is toxic, how does bioaccumulation and biomagnification work, how do toxins influence Arctic ecosystems? 
[VIDEO PRESENTATION: What „toxic” means]
[image: C:\Users\awielgopolan\Downloads\Screenshot (80).png]

LINK TO VIDEO PRESENTATION: https://view.genial.ly/5fb514dd465c0b6e9a7351d8/video-presentation-what-is-toxic

Fill in the banks to learn about how important parameters of toxicity are defined.

[image: C:\Users\awielgopolan\Downloads\Screenshot (81).png]
LINK TO ONLINE ACTIVITY: https://learningapps.org/display?v=pzbpzv4at20

Meet Paracelsus - the father of toxicology. Read his famous quote and discuss what does it have to do with the following sentences: 
TOOTHPASTE COULD BE FATAL IF WE CONSUMED 33 TUBES AT ONCE.
6 LITRES OF WATER CONSUMED AT ONCE COULD BE FATAL FOR A HUMAN.

[image: C:\Users\awielgopolan\Downloads\Screenshot (82).png]

LINK TO ONLINE MATERIAL: https://view.genial.ly/5fb4f9bf0525e10d26a8f105/vertical-infographic-paracelsus


Acute (one-time doses) toxicity of different substances
In the chart below you will find LD50 mg/kg (humans) for different substances. 
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Calculating lethal dose:
Check the table and calculate lethal dose (based on LD50) for individuals with different bodyweights.

Which substance is the most and which is the least lethal under the same circumstances?

	Mass of individual
	ethanol
	lead
	ethanol
	fructose

	68 kg
	
	
	
	

	82 kg
	
	
	
	

	75 kg
	
	
	
	

	45 kg
	
	
	
	



How little of this substance will it take to cause death to you? What is the most toxic substance in the world? Let's meet 10 Deadliest Substances - Toxicity Comparison
[VIDEO MATERIAL: What Is The Deadliest Substance On Earth? Toxicity Comparison]
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LINK TO VIDEO MATERIAL: https://www.youtube.com/watch?v=qd9oEhlyIKY&feature=youtu.be
After watching the video, solve the TRUE-FALSE quiz about the deadliest toxins.
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Meet the (in)famous toxins: Some toxins are (in)famous "celebrities" because of their wide use, history or extreme harmfulness. Match names/images with correct description. [image: C:\Users\awielgopolan\Downloads\Screenshot (85).png]


TERMS:

	Chlorinated hydrocarbon, used as pesticide
	In past, essential part of many different medicines, such as diuretics, antibacterial agents, antiseptics, and laxatives
	still present in old electrical devices or appliances



Read presentation “INFAMOUS TOXINS”
Calculate – how much DDT was lefet?
From 1950 to 1980, DDT was extensively used in agriculture – more than 40,000 tonnes each year worldwide – and it has been estimated that a total of 1.8 million tonnes have been produced globally since the 1940s.
Fill in the table below to follow how DDT is degraged.
To simplify, let's assume that :
1) we're observing DDT released to soil
2) half life is 15 years
3) 40% was released to soils annually
	
	Release in year 1955 in tonnes

	Remaining in environment 1955
	

	Remaining in environment 1970
	

	Remaining in environment 1985
	

	Remaining in environment 2000
	

	Remaining in environment 2015
	


ENVIRONMENTAL CYCLES
BIOACCUMULATION and BIOMAGNIFICATION are 2 very significant processes that can lead to increased levels of certain substances, especially toxins. Try to figure out differences between those 2 processes based on illustrations.
[image: E:\E\BACKUPPULPIT\EOG\pakiety\toksykologia_bioakum_biomagn\grafiki\environmental cycles.png]

Bioaccumulation or biomagnification, or ...?
Enter the correct term matching given definitions. One term matches 2 definitions.
Choose from following terms:
BIOACCUMULATION, BIOMAGNIFICATION, UPTAKE, BIOAVAILABILITY, BIOCONCENTRATION.
[image: C:\Users\awielgopolan\Downloads\Dark Blue Financial Planner New Content Professional Services Facebook Post (1).png][image: C:\Users\awielgopolan\Downloads\Screenshot (86).png]​












	Toxins are ingested at higher rate than eliminated
	Concentration gets higher over time
	Accumulation within an organism

	Increase of  concentration between trophic levels
	Toxins are ingested
	Organisms higher at trophic level are at higher risk


Which characteristics match which process? 2 of them match both!
Fill in the blanks and read the full text concerning toxins in the Arctic ecosystems.

[image: ]
List of missing words:


	accumulation
	DDT
	genetic
	organochlorinated

	Arctic
	eggshells
	grasshopper
	persistent

	concentrations
	fertility
	northern
	pesticides

	core
	fish
	orcas
	tissue



Arctic food web: name the phenomenon illustrated below, explain why is it particularly dangerous for apex predator (polar bear).


[image: https://graasp.eu/pictures/5fd0db55ffacc831e81e6166/large_5c786ffe0cb29536921e7c97a34c9084fa40bdd7.png]

Research
In the 1950s, the people of Minamata, Japan started seeing strange behavior from the local cats, and it wasn't long before humans were showing the same symptoms.
The story of this mass poisoning should be a warning to us.

VIDEO MATERIAL: Japan’s ominous dancing cats and the disaster that followed.

[image: C:\Users\awielgopolan\Downloads\Screenshot (87).png]

LINK TO VIDEO MATERIAL: https://www.youtube.com/watch?v=0Yhaei1S5oQ&feature=youtu.be

After watching the video, explain:

1) what was the toxin causing Minamata disease?

………………………………………..

2) what part of human body did it attack?

………………………………………..


3) how was it transferred to humans?

………………………………………..


Is eating fish healthy? We keep hearing that they have high nutritious value, but they can also accumulate toxins. Biodiversity Research Institute said in August 2013 that 83% if fish worldwide have unsafe mercury levels. Match names of fish/sea food with relevant images, and decide which column represents organisms with highest and lowest mercury levels.

Names of fish/sea food

	Names of fish/sea food:

	crab
	shark
	trout
	Sword fish

	scallops
	tilefish
	carp
	salmon
	King mackarel



[image: C:\Users\awielgopolan\Downloads\Untitled design.png]

Toxic food in the Arctic?
Anthropogenic pressure has perturbed the global Hg cycle and tripled Hg concentrations in oceanic surface waters since pre-industrial periods. Hg, as well as other toxins, enters the Arctic Ocean via a number of different pathways, including the atmosphere, river exports and ocean currents. View the presentation (pdf TOXIC FOOD IN THE ARCTIC) and answer the question: why are Inuit mothers advised not to breastfeed their children.

LINK TO VIDEO PRESENTATION: https://view.genial.ly/5fb7c1ac0525e10d26a931a7/presentation-toxic-food

How is level of mercury in organisms studied? Example of experiment.
Match the columns to create sentences describing selected phases of experiment.

	The two inner and two outer primary feathers of the right wing were collected from each bird,
	
	to ensure oxidation of all organic Hg compounds.

	
The feathers were then washed using tap water
	
	as added to 8 mL of nitric acid HNO3 and incubated for 1 h at 40 °C.

	
Finally, they were cut into approximately 1-mm pieces and stored
	
	increased to 100 °C for 2 h.

	Between 50 mg and 100 mg of the homogenized powder of dried sample

	
	until they were analyzed chemically.

	
The temperature was then
	
	placed in labeled envelopes, and stored in a light-inhibiting box until they were transported to the environmental laboratory for analysis.

	
Upon cooling, 5% potassium permanganate was added
	
	and acetone to remove external contamination, and dried out in an oven at 60 °C

	
The elemental Hg concentrations
	
	were measured by a cold vapor atomic absorption spectrometer.

	
Final Hg concentrations are expressed as
	
	micrograms per gram d.w. (dry weight).



The MATCHING COLUMNS excercise described part of experiment conducted in Iran. (published in 2016, doi: 10.1007/s10661-016-5671-y).

Answer the questions:

1) what kind of toxin was studied in this experiment

……………………………………………………………………………………………………………………………………………………………

2) what part of body was sampled and why

……………………………………………………………………………………………………………………………………………………………

3) why were the samples washed

……………………………………………………………………………………………………………………………………………………………


4) why were the samples dried?

……………………………………………………………………………………………………………………………………………………………
Understanding figures
Observe the figure (source: Environ Monit Assess. 2016; 188(12): 666. Published online 2016 Nov 12. doi: 10.1007/s10661-016-5671-y

[image: https://graasp.eu/pictures/5fd0db5cffacc831e81e65d4/large_6046238b49615f940af0caf51d02920240be1cb4.jpeg]

Find out for yourself what the species eat (options: insectivorous, piscivorous, omnivorous). The differences in Hg concentrations in feathers were also investigated depending on the trophic level depending on the eating habits of the birds. The mean Hg concentrations in these three trophic levels FALLED down in the following order:

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

LINK TO ONLINE ACTIVITY: https://learningapps.org/watch?v=po9c4smya20

Activities
Now it's time to conduct an at-home experiment. You're going to try to recreate a food chain and detect contamination (DDT) route through the chain. Use BIOMAGNIFICATION EXPERIMENT (scenario in pdf). 

Count beans representing "clean" producers (algae, white beans) and producers (algae) with DDT (red beans) in cups representing trophic levels. Fill in the table:
	
	TRIAL 1 Amount of DDT per organism
	TRIAL 2 Amount of DDT per organism
	TRIAL 3 Amount of DDT per organism

	algae
	
	
	

	copepods
	
	
	

	cods
	
	
	

	seals
	
	
	

	polar bear
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Play the "WHO WANTS TO BE A MILLIONAIRE" quiz and check what you've learnt about ecotoxicology!

[image: https://www.superteachertools.us/millionaire/img/logo.png]






The build-up of a harmless chemical in one organism is:
a) Neither bioaccumulation nor biomagnification
b) Both bioaccumulation and biomagnification
c) Bioaccumulation only
d) Biomagnification only

The build-up of a toxic chemical as it goes up a food chain is:
a) Biomagnification
b) Bioaccumuation
c) Uptake
d) Bioconcentration

One of the requirements of biomagnification is:
a) The toxic chemical is needed by the organism
b) The toxic chemical dissolves in water
c) The toxic chemical is stable
d) The toxic chemical is not harmful to the organism

The term dosage refers to the
a) concentration of the pollutant in the environment
b) time span when pollutant persists in the environment
c) amount of the pollutant required to cause harm in an organism
d) amount of the pollutant absorbed by an organism per unit of body mass

PCBs (polychlorinated biphenyls) are a health risk to humans due to bioaccumulation. Which one of the following properties contributes most to bioaccumulation?
a) high volatility
b) solubility in water
c) solubility in fatty tissues
d) artificial manufacture by industry

Acute toxicity from a pollutant refers to
a) harmful effects due to the pollutant’s long-term persistence in the environment
b) harmful effects of a single dose of the pollutant
c) the health effects of breathing the pollutant over a long period
d) the length of time during which a person is exposed to the pollutant

DDT prevented
a) transmition of flu
b) transmition of mad cows' disease
c) transmition of Minamata disease
d) transmition of malaria

What statement about water pollution is false?
a) Even tiny amounts of mercury in water can result in fish that are too toxic to eat
b) As acidity increases, the diversity of aquatic life increases
c) High levels of algae usually indicate a healthy water ecosystem
d) Polluted water can promote the growth of some microorganisms

The amount of a material, given all at once, which causes the death of one half of a group of test animals is called
a) CA0,5
b) AD50
c) LD50
d) LD0,5

If you leave 40 kg of DDT in soil, there will be 5 kg left after approx.
a) 5 years
b) 2 months
c) 100 years
d) 45 years

Which disease is caused by mercury pollution
a) both Minamata disease and "Mad hatter" disease
b) neither Minamata disease nor "Mad hatter" disease
c) "Mad hatter" disease
d) Minamata disease

What feature of the methylmercury compound makes it particularly effective in bioaccumulation of mercury in animals?
it reacts with glucose
it facilitates photosynthesis
It can be absorbed in the body much faster than elemental mercury


What feature of the methylmercury compound makes it particularly effective in bioaccumulation of mercury in animals?
a) it reacts with glucose
b) it facilitates photosynthesis 
c) It can be absorbed in the body much faster than elemental mercury
d) It acts as a barrier to nutrient transport

The use of DDT was banned in the US in
a) 1935
b) 1972
c) 1999
d) 2015











LINK TO ONLINE GAME:
https://www.superteachertools.us/millionaire/millionaire.php?gamefile=233652



Activities


What are 3 main things concerning ecotoxicology you'd like to carry with you after all these activities?


……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….

Use predefined terms to create Arctic food web. Do your own research to learn "who eats who". What can you tell about this food web? Note multiple connections. Decide where the toxins levels would be the highest.























Lately it was discovered that level of mercury in polar bears (measured in their hair) has decreased in some regions. Does it necessarily mean that there’s less pollution or maybe there are some other factors that might influence it, also related to climate change?

List of terms:

	foramnifera
	diatoms
	herbivorous copepods
	carnivorous copepods
	Arctic charr
	Arctic cod
	capelin

	ringed seal
	killer whale
	harbour seal
	polar bear
	little auk
	fulmar
	humback whale




[bookmark: _GoBack]In summarizing presentation (pdf) you'll find all the basic issues discussed in these materials.


Project office: Księcia Janusza 64, 01-452, Warsaw, Poland   edu-arctic2.eu  edukacja@igf.edu.pl 
EDU-ARCTIC 2: from polar research to scientific passion – innovative nature education in Poland and Norway receives a grant of ca. 240 000 EUR received from Iceland, Liechtenstein and Norway under EEA funds. The purpose of the EDU-ARCTIC 2 project is to: enhance the knowledge about nature, geography, natural resources, political specificities concerning polar regions and increase awareness of environmental issues and climate change, increase of interest in pursuing STEM education and careers due to enhancement of knowledge about scientific research, and their place in the modern world, familiarizing young people with scientific career opportunities; introduce innovative tools by way of an e-learning portal and effective methods of teaching science in schools
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LD stands for " Dose". LD50 ( lethal dose) is the amount of a
substance, given all at once, which causes the death of 50% of a group of test animals.
The LD50 i one way to measure the short-term potential (acute toxicity) of
substance.

Toxicologists can use many kinds of animals but most often testing is done with
and mice. It is usually expressed as the amount of chemical administered
(e.g., milligrams) per grams (for smaller animals) or per kilogram (for
test subjects) of the body weight of the test animal.
LC stands for "Lethal Concentration”. LC values usually refer to the ofa
chemical in air but in environmental studies t can also mean the concentration of a
chemical in water.
According to the Organisation for Economic Cooperation and Development)(OECD)
Guidelines or the Testing of Chemicals,  traditional involves groups of
animals exposed to a concentration (or series of concentrations) for a set period of time
(usually 4 ). The animals are clinically observed for up to
days.
The concentrations of the chemical in air that kills 50% of the test animals during the
abservation period is the value
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Tendency of pollutants to concentrate as they move from one organism to the next. Increase in concentration of a pollutant from ene link to another, on each trophic level Pollutants are not metabolized and when

organism containing pollutant is eaten, they are passed on predator.

Enter your answer

It occurs within an organism, where a concentration of a substance builds up in the tissues and is absorbed faster than it is removed. This process often occurs in two ways, simultaneously: by
contaminated food, and by absorption directly from water.

Enter your answer

eating

It's a regular process allowing survival, because organisms gather essential nutrients-proteins, viamins etc

Enter your answer

The entrance of a chemical into an organism such as by breathing, swallowing, or absorbing it through the skin without regard to subsequent storage, metabolism, and excretion

Enter your answer

The specific bioaccumulation process by which the concentration of a chemical in an organism becomes higher than its concentration in the air or water around the organism

Enter your answer

Capacity of a compound to cross an organism's cellular membrane from the medium the organism inhabits at a given time

Enter your answer
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DDT and PCB, two well-known compounds, have been detected in the of animals that live in the Arctic or Antarctic all year round. These molecules are ingested at the bottom of the food chain
and gradually make their way up, until they are found at elevated in the largest predators, such as polar bears and humans. Biologists are now beginning to record the health effects on individuals at the upper
end of the food chain, with cases of low , immune deficiency, disruptions to the endocrine system, mutations being seen. These effects may endanger the survival of some polar species Among
the main threats currently hovering over the poles, the long-distance transport of contaminants from industrial or agricultural areas to the polar regions is of particular concern. In the Arctic, various ice samples
extracted from the Greenland Ice Sheet show that the effects of industrial pollution have already been felt for about a century. Today, particles of soot, nitrogen and sulphur dioxide (acid rain), (PCBs, DDT,
etc.), heavy metals, radioactive isotopes, etc. can be detected in measurable quantities in the air, snow, sediment and water of the polar regions. This is particularly true in the . where many pollutants from the
hemisphere are collected (also as the result of river runoff). Of all the many pollutants released into the environment by human activity, organic pollutants (POPS) are among the most
dangerous. POP with the worst reputation is DDT. DDT's stability, persistence and widespread use, especially in developing countries, have all contributed to the fact that residues of the compound are now found as far
afield as the polar environment, for example, or in polar bears in the Arctic. The harmful effects on the of birds, was highlighted clearly by scientists in the 1970s. This led to strict restrictions on the use of DDT
and ultimately to its almost total ban. Despite this, the presence of can still be detected in food all over the world. PCBs (polychlorinated biphenyls), also POPs, are used to manufacture transformers,
condensers, plastics and paint additives. PCBs include about 200 different products, all highly toxic even in low doses. Studies have demonstrated their sterilising immunosuppressant effects on many species in the animal
kingdom including seals and whales in the polar regions. Because they are highly stable, POPs persist in the environment for several years or even decades. This allows them to circulate across the entire globe via a
process called the “ effect’- an often seasonal phenomenon in which successive evaporations and deposits enable transportation following atmospheric currents. In the Arctic, for example, pollutants come
essentially from two sources: the east and west coasts of North America in winter (big cities and industrials regions) and from central Europe in summer (industry and power stations of the former Soviet Bloc, among others)
The ice ecosystems at both the North and South Poles have been particularly affected by POPs that find their way into the food chain through land plants and marine plankton and fitering organisms that absorb the
nutrients in the water column. They are then eaten by , accumulating in their adipose tissue (fat). POPs are extremely persistent and highly lipophilic, so that they end up becoming concentrated in the adipose
tissue of animals higher up the food chain, where they can reach levels up to several tens of thousands of times higher than in the surrounding environment. POPs climb up the food chain from fish to birds and finally reach
the large marine mammals (s well as humans) at the top of the food chain, at increasing concentrations. The traditional diet of Arctic peoples is based on hunting and fishing, which means that the of POPs
and mercury in the food chain has an effect on human health. Due to their migration, birds also spread POPs that they have ingested throughout the entire land-based ecosystem, sometimes several thousand kilometres
from their original source. Pollution in the Arctic is of particular concern at the top of the food chain, where heavy metals and other pollutants are found in polar bears, belugas, orcas, etc. Scientists from the environmental

protection organisation WWF have shown that (killer whales) are now the most polluted predator in the Arctic.





image12.png




image13.png
“UNCE
I\SAET}IITYLMERCURY

Once methylmercury is in, it doesn’t leave.
€ D —




image14.png




image15.jpeg
H,
e
(ng/gtd
W
)

O°
o

&

v“‘“
w“‘\
o
s\ﬂ““&
z"\(‘
o

“‘\0090“




image16.png
‘What happened to the amount of DDT per organism as you move up the food chain?

‘ Enter your answer ‘

Which organism contained the largest concentration of DDT?

‘ Enter your answer ‘

In actual experiment, what other factor you'd have o take into account? Hint: what units
‘would the amount of DDT in an organism be giver

[ Enter your answer |
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Poison, in biochemistry, is a substance,
natural or synthetic, that causes damage
to living tissues and has an injurious or
fatal effect on the body, whether it is
ingested, inhaled, or absorbed or injected

through the skin.
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