Environmental Health: Science, Policy and Social Justice

Winter quarter

Lab 2

Artemia toxicity test

Toxicity testing includes a battery of tests for acute, subacute and chronic effects, and may involve a variety of endpoints. The most commonly used models for proxy human toxicity testing are small mammalian organisms, such as rodents. However, in recent years there have been studies showing that invertebrates may serve as first screening options of acute toxicity tests for the assessment of the lethal toxicity of new chemicals to mammals and humans. The options of using invertebrates seem to go beyond acute toxicity (lethality) testing and may include other tests such as reproduction, neurotoxicity etc, as long as there is a mechanistic basis for extrapolation to humans.
Marine organisms are used commonly for testing the toxicity of environmental pollutants, predominantly as indicators of environmental damage, rather than human health. The Guilhermino 2000 article shows how one marine organism, Daphnia magna has been used in toxicity testing and provides some evidence that it may be useful as a prescreening tool for LD50 estimation that bears some association to the corresponding values in rats for some chemicals. However, there are significant differences for other chemicals and the interpretation of such studies must be cautious and the mechanism of action must be examined before the results are transferred to mammalian organisms. Nevertheless, this approach may offer speedy and cheaper toxicity screening options.

The use of the brine shrimp Artemia is recent but it is increasing, because of the ease of growing and maintaining the organisms. They are available in cysts that hatch to give nauplii. Tests may be designed to assess the hatching success of the cysts or other toxic endpoints in the nauplii. In this lab you will use specifically the species Artemia franciscana, a bisexual species autochthonous to the Americas. It is chosen as an alternative to a mammalian organism, but it offers the same experience in terms of study design. The lab is testing for the effect of four metals on the success of cyst hatching in a 48h timeframe. The metals are used as salts at two concentrations. While Artemia has been considered relatively resistant to metal toxicity in short term toxicity tests (acute), a recent study indicates that metals may affect the hatching of cysts rather than the organism directly (Brix 2006). An earlier study has shown the different sensitivity of various Artemia species to organophosphate pesticides (Varo 1998). For more details on the organism as a test species for ecotoxicity, see also the Nuns 2006 article. 

Lab Protocol

The purpose of this lab is to test the toxicity of metals on the hatching ability of Artemia franciscana cysts. You will start with cysts, treat them with metals in a seawater solution and score the hatched cysts 48h later. 

1. Obtain a sample of Artemia franciscana cysts 
2. Locate the stock solutions of metal salts: copper chloride (CuCl2), zinc sulfate (ZnSO4), aluminum chloride (AlCl3), and lithium chloride (LiCl), as well as the filtered seawater.
3. Obtain 50ml sterile polypropylene tubes for your experiment. You will need enough tubes for the four chemicals in two concentrations, each of them in duplicate, plus a control in duplicate. Carefully label all your tubes using tape on the lid with the relevant information as well as your name, in permanent ink marker. Place your tubes on a rack.

4. Add 40ml of filtered seawater in each tube
5. Using a square piece of weighing paper on a white background and a fine brush, carefully count 15 cysts and transfer them to one tube. Repeat for all the tubes: 15 cysts per tube. This step is the most cumbersome and requires attention and focus. Using a spotlight will help. 
6. Add the appropriate volume of chemical stock solutions (1000-fold more concentrated than your highest concentration) to each tube to obtain the following final concentrations (high and low):
CuCl2

28mg/L and 2.8mg/L

ZnSO4

300mg/L and 30mg/L

AlCl3

1000mg/L and 100mg/L 


LiCl

1000mg/L and 200mg/L

7. Place your rack with tubes in a temperature-controlled incubator (25oC)
8. You will review your treated cysts 48h later and score the hatched ones. Count active organisms and express your results as % of total number of cysts per tube, then average your scores and % for the each duplicate treatment.
Questions (due a week later)

1. What is the purpose of the control in these experiments? 

2. Develop a table to describe your results, including counts, percentages and averages of duplicate treatments.
3. Prepare a graph to show the effect of each metal type and concentration relative to control.
4. What is your rough estimate for the EC50 of each metal for this endpoint? Show how you estimate it. Rank the metals from the most toxic to the least toxic based on their EC50.
5. Write a short paragraph with your conclusions

