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DETECTION OF PHOSPHATES, BY A LAY PERSON, FOR ENVIRONMENTAL ANALYSIS OF RIVER 
WATER USING A PAPER-BASED DEVICE 

We describe a simple paper-based microfluidic device for the determination of orthophosphate concentrations in river water. Phosphates enter waterways from field 

runoff. High phosphate concentrations can promote excessive algal growth, which can lead to eutrophication. An emphasis towards an easy to use device, for a 

volunteer sampling campaign, lead to the development of a paper-based dip test with circular wax printed reaction zones and pre-deposited reagents. To perform the 

experiment and record the result, no more than a liquid container, the paper microfluidic device and a smart phone are required. The test takes 3 min, short enough 

for a volunteer-based activity. Low ppm range phosphate concentrations can be captured using a smart phone camera and then analysed using ImageJ software.   

Device preparation 
i. wax printing, 
ii. addition of 

reagents,  
iii. back folding to 

align reagents but 
avoid direct 
contact,   

iv. sealing with 
laminating film 
and cutting access 
slits for sample 
entry.  

Development  
of PMB  
complex 
(blue colour)  
over time. 

Members of public placed two devices 
into phosphate solutions.  
Photos were taken after 3 min using 
either a smart phone or camera. 
Scanner reading taken independently in 
laboratory. 

• Demonstrated simple and fast paper-based test for analysis of phosphate in water by adapting 
phosphomolybdenum blue method.[3-4] Aggressive sulfuric acid (6 M) replaced by p-toluene-sulfonic 
acid (2 M). Reagents spatially separated via back-folding to allow for two sequential reaction steps.  

• User only required to place device into a sample dish, sample enters unaided through narrow slits. 
User takes photograph after 3 min, suitable for analysis in the field. 

• Future work will include addition of further analytes and a dedicated app for users to report data.     
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• Reactive phosphates present in aquatic systems are one of the key nutrients that can 
lead to eutrophication. [1]  

• Orthophosphates are main form of bioavailable phosphate present in aquatic systems. [2] 

• Typically measured by spectrometry using  
phosphomolybdenum blue (PMB) method.[3]  

• Recent move towards in-situ monitoring of water quality, 
e.g., PMB reaction on paper microfluidic device.[4]  

• Reported µPAD devices often lack a fully user friendly approach and still involve 
preparation steps using laboratory type equipment and thus training. 

• In this work we aim to produce a device that requires little user input to perform the 
experiment in a short time frame.    

Experimental procedure simply involves placing device (slits facing down) into a dish 
containing phosphate sample solution, waiting for 3 min and then taking a photograph. 

• Choice of capture method on value 
for blue intensity is not significant.  

• Smartphone images suitable  
for semi-quantitative reading  
of phosphate concentrations.  

Testing with Lay-persons at Outreach Event 

3 min 
optimum 
time for 
colour 
formation 

Image Analysis 
ImageJ:  Invert - Split Channel –  
    display Red Channel. 


