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Seized drugs

https://www.todayonline.com/world/asia/police-bust-kl-
drug-syndicate-masterminded-student-nigeria

UNODC World Drug Report 2014

http://www.threesheetsnw.com/blog/2009/08/ecstasy-tablets-
worth-720000-seized-from-boat-near-neah-bay/

http://folk.ntnu.no/fossumj/eit/


Analysis of drugs in forensic laboratories

Presumptive tests Identifying  step

http://folk.ntnu.no/fossumj/eit/


Analysis of drugs in forensic laboratories

Presumptive tests on-site Identifying  step

http://folk.ntnu.no/fossumj/eit/


Drawbacks of common presumptive methods

Expensive to maintain
Requires skilled handler

Dangerous if 
used improperly
Fairly expensive

Bulky
Fairly expensive 

(40,000 $)



Aim of the experimental work

❖ Development of an inexpensive 
on-site method able to detect 

drugs of abuse



microfluidics Paper-based Analytical Devices 
(µPADs)



How it’s made

Design

Print

Heat the ink to 
create 

hydrophobic 
barriers



How it’s made

Capillary
Action

Vial

< 5 min



Why this approach?

SIMPLE!

…. to design

…. to make

…. to learn

…. to use

…. to interpret

…. to pay for



Materials & Methods

TESTING DESIGN



Method development



Method development



Method development



Method development



Method development



Method development



Materials & Methods

Reagents:
1. Fast Blue B
2. Co(SCN)2 (Acid)
3. KMnO4 MoO4
4. Co(SCN)2 (Basic)
5. Ninhydrin 
6. FeCl3

A position: 0.5 µL drug solution
B, C, D positions: 0.5 µL reagent 

solution 



R#1 R#2 R#3 R#4 R#5 R#6

Blank Solution

Amphetamine

MDMA

MetAmphetamine

Cocaine

Codeine

Ketamine

Ephedrine

Morphine

Thebaine

Method development



R#1* R#2 R#3 R#4 R#5 R#6

Blank Solution

Positive Solution

1. King Artur Flour Gluten 

Free Multipurpose Flour
NCC NCC NCC NCC NCC NCC

2. Arm & Hummer Pure 

Baking Soda
NCC NCC NCC NCC NCC

4. Publix  Pure Granulated 

Sugar Extrafine
NCC NCC NCC NCC NCC NCC

5. Publix Confectioners 

Sugar
NCC NCC NCC NCC NCC NCC

6. Rumford Aluminium Free 

Baking Powder
NCC NCC NCC NCC NCC NCC

7. Shower Bath Salt 

Absorbent Body Powder
NCC NCC NCC NCC NCC NCC

8. Winn Dixie Iodized Salt NCC NCC NCC NCC NCC NCC

9. Antacid Tablet NCC NCC NCC NCC NCC NCC

Cross Reactivity

Method development: Common Powders & 
Adulterants

R#1* R#2 R#3 R#4 R#5 R#6

Blank Solution

Positive Solution

Adulterants

Quinine NCC NCC NCC NCC NCC

Lidocaine NCC NCC NCC NCC NCC

Procaine NCC NCC

Caffeine NCC NCC NCC NCC NCC

Diluents

Dimethylsulfone NCC NCC NCC NCC NCC NCC

Lactose NCC NCC NCC NCC NCC NCC

Sucrose NCC NCC NCC NCC NCC NCC

Mannitol NCC NCC NCC NCC NCC NCC

Inositol NCC NCC NCC NCC NCC NCC

Starch NCC NCC NCC NCC NCC NCC



Results: Mixtures

Amphetamine 100 g/L
Lactose 100 g/L
Sucrose 100 g/L
Mannitol 100 g/L
Caffeine 100 g/ L
Dimethylsulfone 100 g /L

Amphetamine 100 g/L 

R. NinhydrinR. Ninhydrin



Quantitative approach?



Quantitative approach



Regression analysis & MDQs



PROPOSED METHOD

Drugs MDQ, µg (Visual) NIJ, µg

Cocaine* 5 60

Morphine 3 200

Ephedrine —

Amphetamine 4 10*

MDMA 15 —

MetAmphetamine 30 5*

Ketamine 10 1250*

Codeine* 5 50

µPADs method Vs NIJ method



❖ An inexpensive, rapid and sensitive method has been 
developed

❖ The method is able to detect in few minutes, few 
micrograms of drugs using micrograms of reagents

❖ Multichannel system permits to merge information  from 
different reactions increasing the specificity of the method

❖ Overall we expect this procedure to greatly benefit forensic 
testing, customs and other applications where quick 
portable testing of unknown powders is necessary. 

Conclusions





спасибо!

Grazie!





It is the science and technology of systems that process or
manipulate small amounts of fluids (10-9 to 10-18 litres),
using channels with dimensions of tens to hundreds of
micrometers.
Nature. 2006 Jul 27;442(7101):368-73. The origins and the future of microfluidics. Whitesides GM.

http://folk.ntnu.no/fossumj/eit/

Microfluidics

http://www.ncbi.nlm.nih.gov/pubmed/?term=Whitesides GM[Author]&cauthor=true&cauthor_uid=16871203
http://folk.ntnu.no/fossumj/eit/


microfluidics Paper-based Analytical Devices 
(µPADs)

Angew. Chem. Int. Ed. 10.1002/anie.201802336

“…. Certainly a revolutionary concept with many extensions possible….”

REVOLUTIONARY CONCEPT ?



Peters KL et al (2015) Anal. 

Methods 10.1039/C4AY01677G

pH and Nitrite ion

Lopez-Ruiz N et al (2014) 

Anal Chem 86:9554–9562

Human Blood typing
Khan MS et al (2010) Anal Chem 82:4158–4164

Al-Tamimi Met al  (2012) Anal Chem 84:1661–1668

Jarujamrus P et al (2012)  Analyst 137:2205–2210

Su J et al (2012) Cellulose 19:1749–1758

Elisa Test

Cheng C-M et al (2010) Angew 

Chem Int Ed 49:4771–4774

Cate et al. (2015) Anal Chem 87:19–41

October 2012 to October 2014: over 1000 articles 

microfluidics Paper-based Analytical Devices 
(µPADs)

Carrilho, E et al (2009) 

Anal Chem, Vol. 81, 

No. 16,

Martinez et al (2007) 

Angew. Chem. Int. Ed. 46, 

1318 –1320



Reagent Drugs 1 month

Fast Blue B Reagent MDMA ok

Fast Blue B Reagent MA ok

Ninhydrin Reagent Amphetamine ok

Iron (III) Chloride Morphine ok

Cobalt Thiocyanate (Acid) Cocaine ok

Cobalt Thiocyanate (Basic) Ketamine ok

Molybdic Acid Codeine ok

Stability



A

B

Results

Sample composition:
H2O / (CH3)2CO

Sample composition:
lane 1. Cocaine
lane 2. Codeine
lane 3. MDMA

lane 4. Morphine
lane 5. Ketamine

lane 6. Amphetamine



Results: Mixtures

Amphetamine 100 g/L
Lactose 100 g/L
Sucrose 100 g/L
Mannitol 100 g/L
Caffeine 100 g/ L
Dimethylsulfone 100 g /L

Amphetamine 100 g/L 

R. Ninhydrin

R. Ninhydrin
R. Co(SCN)2 (Basic)

Amphetamine 100 g/L 

Ketamine 100 g/L 

Amphetamine 100 g/L
Ketamine 100 g/L
MetAmphetamine 100 g/L
MDMA 100 g/L 

R. Co(SCN)2 (Basic)

R. Co(SCN)2 (Basic)



Drugs LOD, mg/mL (Visual) MDQ, µg (RegEq) NIJ, µg

Cocaine* 5 1,4 60

Morphine 3 3,2 200

Ephedrine 2,9 —

Amphetamine 4 3,5 10*

MDMA 15 0,8 —

MetAmphetamine 30 5,8 5*

Ketamine 10 6,0 1250*

Codeine* 5 2,0 50

µPADs method Vs NIJ method


