Duckweed as Bioindicator to Assess Water Quality
Duckweed has been used as an 
ecological and early warning indicator of the phytotoxicity of pollutants worldwide 
https://www.researchgate.net/publication/317407000_Response_of_duckweed_to_lead_exposure_Phytomining_bioindicators_and_bioremediation
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Image source: https://www.azgardens.com/product/duckweed-lemna-minor-floating-plant/

[image: ]
http://www.mobot.org/jwcross/duckweed/Russe/heavymetal-e.htm
The EPA has used well documented organisms such as duckweed, Daphnia, and lettuce seeds as biological indicators of poor water quality.
Bioindicators are inexpensive, non-pain sensitive organisms students can use to detect water quality deterioration, similar to the way canaries were used to detect toxic gases in coal mines. 
Current methods used by water departments to detect water contaminants are typically expensive, and require costly laboratory testing and skilled technical expertise.  Many communities and their water treatment plants cannot afford the equipment, human, and technological resources needed to filter out contaminants, especially the contaminants of emerging concern. 
Bioindicators are organisms that can be used as early-warning indicators of drinking water deterioration. Just as canaries were observed for signs of impending hazards, bioindicators can be used as simple, low-cost monitors of water quality.  
The Environmental Protection Agency uses data from tests with the common Duckweed (Lemna gibba or Lemna minor) to develop data on water toxicity of test substances.  So too can students become contributing Citizen Scientists as they use Duckweed to collect and monitor water quality data.
In this lab, the use of duckweed does not result in the detection or identification of a specific water contaminate, but rather, observed Duckweed changes suggest water quality issues--- raising a red flag that more serious/thorough testing should be pursued.
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PROCEDURES:
Containers, each with 5 duckweed “starts”  [image: ]
(a) control conditions = standard duckweed samples growing in spring/pond water
(b) variable conditions = standard duckweed samples growing in tap water; bottled water; distilled water

OBSERVATIONS AND MEASUREMENTS TO INCLUDE:
(a) # of new fronds developing over a 5-day period
(b) Color and size of fronds
(c) Number and length of roots associated with fronds

[bookmark: _GoBack]NOTE: Duckweed, like many aquatic organisms, can NOT tolerate water treated with chloramines, nor do they tolerate chlorinated/normal tap water unless it has first been allowed to sit undisturbed for at least 48 hours. Chlorine and chloramine are disinfectants used in public water treatment, and both cause harm to aquatic organisms.  Chlorine in water will dissipate into the air over time, BUT, the toxic chemicals associated with chloramines WILL NOT dissipate—you must use chemicals to REMOVE them. (best purchased from a pet supply store)

[bookmark: _Hlk525563301]Useable Information Found At:

1. The Charms of Duckweed
An introduction to the smallest flowering plants
https://www.mobot.org/jwcross/duckweed/duckweed.htm

2. All About Duckweed
http://ei.cornell.edu/toxicology/bioassays/Duckweed/default.html

3. Good Duckweed Lab resource
Duckweed Unlimited Using common duckweed (Lemna minor) to measure water quality
http://resources.fastplants.org/agriscience/agrisciencelesson03.pdf

4. DUCKWEED: A tiny aquatic plant with enormous potential for agriculture and environment
http://www.fao.org/ag/againfo/resources/documents/DW/Dw2.htm
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a) b)
Specific reaction to copper: a) control, all fronds of
small duckweed are assembled into groups; b) version

with copper, all fronds were disconnected and the fronds
turned brown.




