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S.1 Lightbox used for imaging
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S.2 Lactose detection at various concentrations
Lactose was able to be detected by eye at concentrations as low as 5% lactose in starch.
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S.3 Blinded study to detect lactose

S.3.a Sample composition and reader identifications
Sample 

ID
Drug 1 Composition 

1
Drug 2 Composition 

2
Drug 3 Composition 

3
Reader 
One ID

Reader 
Two ID

Reader 
Three ID

7VG Lactose 100 Correct Correct Correct
87G Lactose 100 Correct Correct Correct

CMN Lactose 100 Correct Correct Correct
M3B Lactose 100 Correct Correct Correct
SVZ Lactose 100 Correct Correct Correct
X8Z Lactose 100 Correct Correct Correct
7TA Cocaine 50 Lactose 50 Correct Correct Correct
AW9 Cocaine 50 Lactose 50 Correct Correct Correct
DBZ Cocaine 50 Lactose 50 Correct Correct Correct
JVT Cocaine 50 Lactose 50 Correct Correct Correct
QF2 Cocaine 50 Lactose 50 Correct Correct Correct
BBL Crack 

Cocaine
50 Lactose 50 Correct Correct Correct

CRJ Crack 
Cocaine

50 Lactose 50 Correct Correct Correct

SUC Crack 
Cocaine

50 Lactose 50 Correct Correct Correct

T8Q Crack 
Cocaine

50 Lactose 50 Correct Correct Correct

YCH Crack 
Cocaine

50 Lactose 50 Correct Correct Correct

CMD Heroin 50 Lactose 50 Correct Correct Correct
CSV Heroin 50 Lactose 50 Correct Correct Correct
D4H Heroin 50 Lactose 50 Correct Correct Correct
FA4 Heroin 50 Lactose 50 Correct Correct Correct
ZFC Heroin 50 Lactose 50 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 2 Composition 
2

Drug 3 Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

2HJ Heroin 50 Starch 50 Correct Correct Correct
4UC Heroin 50 Starch 50 Correct Correct Correct
A01 Heroin 50 Starch 50 Correct Correct Correct
AHC Heroin 50 Starch 50 Correct Correct Correct
B01 Heroin 50 Starch 50 Correct Correct Correct
C01 Heroin 50 Starch 50 Image 

missing
Image 

missing
Image 

missing
D01 Heroin 50 Starch 50 Correct Correct Correct
E01 Heroin 50 Starch 50 Incorre

ct
Correct Incorrect

GUH Heroin 50 Starch 50 Correct Correct Correct
HLS Heroin 50 Starch 50 Correct Correct Correct
8DZ Cocaine 75 Lactose 25 Correct Correct Correct
F77 Cocaine 75 Lactose 25 Correct Correct Correct
FKY Cocaine 75 Lactose 25 Correct Correct Correct
GZV Cocaine 75 Lactose 25 Correct Correct Correct
RAL Cocaine 75 Lactose 25 Correct Correct Correct
6FD Heroin 75 Lactose 25 Correct Correct Correct
DSR Heroin 75 Lactose 25 Correct Correct Correct
JM2 Heroin 75 Lactose 25 Correct Correct Correct
JW7 Heroin 75 Lactose 25 Correct Correct Correct
UVT Heroin 75 Lactose 25 Correct Correct Correct
QZC Cocaine 50 Lactose 25 Starch 25 Correct Correct Correct
U9A Cocaine 50 Lactose 25 Starch 25 Correct Correct Correct
Z3Z Cocaine 50 Lactose 25 Starch 25 Correct Correct Correct
6ZD Crack 

Cocaine
50 Lactose 25 Starch 25 Correct Correct Correct

VFR Crack 
Cocaine

50 Lactose 25 Starch 25 Correct Correct Correct

TW7 Heroin 50 Lactose 25 Starch 25 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 2 Composition 
2

Drug 3 Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

V6F Heroin 50 Lactose 25 Starch 25 Correct Correct Correct
ZBE Heroin 50 Lactose 25 Starch 25 Correct Correct Correct
48W Cocaine 90 Lactose 10 Correct Correct Correct
6S8 Cocaine 90 Lactose 10 Correct Correct Correct
FYC Cocaine 90 Lactose 10 Correct Correct Correct
T79 Cocaine 90 Lactose 10 Correct Correct Correct

TQW Cocaine 90 Lactose 10 Correct Correct Correct
G7S Crack 

Cocaine
90 Lactose 10 Correct Correct Correct

W8Z Crack 
Cocaine

90 Lactose 10 Correct Correct Correct

ACH Heroin 90 Lactose 10 Image 
missing

Image 
missing

Image 
missing

AUV Heroin 90 Lactose 10 Correct Correct Correct
KPM Heroin 90 Lactose 10 Correct Correct Correct
RJJ Heroin 90 Lactose 10 Correct Correct Correct

UW3 Heroin 90 Lactose 10 Correct Correct Correct
4G4 Cocaine 100 Correct Correct Correct
6Q2 Cocaine 100 Correct Correct Correct
PFT Cocaine 100 Correct Correct Correct
T9H Cocaine 100 Correct Correct Correct
ZCK Cocaine 100 Correct Correct Correct
6VW Crack 

Cocaine
100 Correct Correct Correct

AGF Crack 
Cocaine

100 Correct Correct Correct

Q96 Crack 
Cocaine

100 Correct Correct Correct

RUJ Crack 
Cocaine

100 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 2 Composition 
2

Drug 3 Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

VS2 Crack 
Cocaine

100 Correct Correct Correct

Z6X Crack 
Cocaine

100 Correct Correct Correct

9VW Dimethyl 
Sulfone

100 Correct Correct Incorrect

DBW Dimethyl 
Sulfone

100 Correct Correct Correct

JB4 Dimethyl 
Sulfone

100 Correct Correct Correct

KBY Dimethyl 
Sulfone

100 Correct Correct Correct

QXM Dimethyl 
Sulfone

100 Correct Correct Correct

7PG Heroin 100 Correct Correct Correct
8CF Heroin 100 Correct Correct Correct
A4F Heroin 100 Correct Correct Correct
RE6 Heroin 100 Image 

missing
Image 

missing
Image 

missing
VEA Heroin 100 Correct Correct Correct
A02 Mannitol 100 Correct Correct Correct
B02 Mannitol 100 Correct Correct Correct
C02 Mannitol 100 Correct Correct Correct
D02 Mannitol 100 Correct Correct Correct
E02 Mannitol 100 Correct Correct Correct
9NE Methamphet

amine
100 Correct Correct Correct

E3R Methamphet
amine

100 Correct Correct Correct

NB4 Methamphet 100 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 2 Composition 
2

Drug 3 Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

amine
R68 Methamphet

amine
100 Incorre

ct
Correct Incorrect

V6Z Methamphet
amine

100 Correct Correct Correct

B3C Procaine 100 Correct Correct Correct
HLY Procaine 100 Correct Correct Correct
HUP Procaine 100 Correct Correct Correct
JDH Procaine 100 Correct Correct Correct
T6D Procaine 100 Correct Correct Correct
3NS Starch 100 Correct Correct Correct
6KR Starch 100 Correct Correct Correct
CQR Starch 100 Correct Correct Correct
TFG Starch 100 Sample 

not run
Sample 
not run

Sample not 
run

V2Z Starch 100 Correct Correct Correct
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S.3.b Images of tests after running with samples
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S.4 Blinded samples run on idPAD

S.4.a sample composition and reader identifications
Sample 

ID
Drug 1 Composition 

1
Drug 

2
Composition 

2
Drug 

3
Composition 

3
Reader 
One ID

Reader 
Two ID

Reader 
Three ID

T3C Lactose 100 Correct Correct Correct

XFU Lactose 100 Correct Correct Correct

VN2 Lactose 100 Correct Correct Correct

YC6 Lactose 100 Correct Correct Correct

SWH Cocaine 50 Lactos
e

50 Correct Correct Correct

QNF Cocaine 50 Lactos
e

50 Correct Correct Correct

FXJ Cocaine 50 Lactos
e

50 Correct Correct Correct

LHH Cocaine 50 Lactos
e

50 Correct Correct Correct

SBR Cocaine 50 Lactos
e

50 Correct Correct Correct

MSW Heroin 50 Lactos
e

50 Correct Correct Correct

QQ8 Heroin 50 Lactos
e

50 Correct Correct Correct

XML Heroin 50 Lactos
e

50 Correct Correct Correct

MMG Heroin 50 Lactos
e

50 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 
2

Composition 
2

Drug 
3

Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

R8R Heroin 50 Lactos
e

50 Correct Correct Correct

XU3 Crack 
Cocaine

75 Lactos
e

25 Correct Correct Correct

GAB Crack 
Cocaine

75 Lactos
e

25 Correct Correct Correct

3B2 Crack 
Cocaine

75 Lactos
e

25 Correct Correct Correct

Y4F Cocaine 50 Lactos
e

25 Starc
h

25 Correct Correct Correct

8N4 Cocaine 50 Lactos
e

25 Starc
h

25 Correct Correct Correct

69Q Heroin 50 Lactos
e

25 Starc
h

25 Correct Correct Correct

EKP Heroin 50 Lactos
e

25 Starc
h

25 Correct Correct Correct

V93 Cocaine 90 Lactos
e

10 Correct Correct Correct

AUU Cocaine 90 Lactos
e

10 Correct Correct Correct

QQJ Cocaine 90 Lactos
e

10 Correct Correct Correct

6AM Cocaine 90 Lactos
e

10 Correct Correct Correct

TAN Cocaine 90 Lactos
e

10 Correct Correct Correct

YYR Crack 
Cocaine

90 Lactos
e

10 Correct Correct Correct

7LC Crack 
Cocaine

90 Lactos
e

10 Correct Correct Correct
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Sample 
ID

Drug 1 Composition 
1

Drug 
2

Composition 
2

Drug 
3

Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

FB2 Crack 
Cocaine

90 Lactos
e

10 Correct Correct Correct

VPW Heroin 90 Lactos
e

10 Correct Correct Correct

WBN Heroin 90 Lactos
e

10 Correct Correct Correct

J3T Heroin 90 Lactos
e

10 Correct Correct Incorrect*

2PA Heroin 90 Lactos
e

10 Correct Correct Correct

2AB Heroin 90 Lactos
e

10 Correct Correct Correct

27Z Cocaine 100 Correct Correct Correct

NLN Cocaine 100 Correct Correct Correct

4ZN Cocaine 100 Correct Correct Correct

BBU Cocaine 100 Correct Correct Correct

C6S Cocaine 100 Correct Correct Correct

EQ2 Crack 
Cocaine

100 Correct Correct Correct

Q96 Crack 
Cocaine

100 Correct Correct Correct

KN3 Crack 
Cocaine

100 Correct Correct Correct

6UF Crack 
Cocaine

100 Correct Correct Correct

TR7 Crack 100 Correct Correct Correct

*For sample J3T, reader 3 identified the illicit drug correctly, but missed the presence of lactose.
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Sample 
ID

Drug 1 Composition 
1

Drug 
2

Composition 
2

Drug 
3

Composition 
3

Reader 
One ID

Reader 
Two ID

Reader 
Three ID

Cocaine

FRJ Dimethyl 
Sulfone

100 Correct Correct Correct

Q9H Dimethyl 
Sulfone

100 Correct Correct Correct

K9E Dimethyl 
Sulfone

100 Correct Correct Correct

QF7 Dimethyl 
Sulfone

100 Correct Correct Correct

FHM Dimethyl 
Sulfone

100 Correct Correct Correct

C3S Heroin 100 Correct Correct Correct

MP6 Heroin 100 Correct Correct Correct

JRH Heroin 100 Correct Correct Correct

CNS Heroin 100 Correct Correct Correct

4UA Heroin 100 Correct Correct Correct
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S.4.b Images of PADs after running with samples
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S.5 FTIR data for illicit drug batches used
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S.6 Spotting guide for idPAD fabrication
Test Lane Row Reagent Reagent 

Preparation
Testing For Signal

Acidic 
Co(SCN)2

A 3 Co(SCN)2 1M: 3g 
Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

Tertiary 
Amines

Bright Blue

4 Co(SCN)2 1M: 3g 
Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

5 HOTs (Tosic 
Acid)

1M: 1.72g 
HOTs in 
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10mL H2O
6 HOTs (Tosic 

Acid)
1M: 1.72g 
HOTs in 

10mL H2O
pH 8 

Co(SCN)2
B 3 Co(SCN)2 1M: 3g 

Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

Tertiary 
Amines

Bright Blue

4 Co(SCN)2 1M: 3g 
Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

5 Tris buffer 
pH 8

Use 1M 
TrisBase and 
1M TrisHCl, 
mix in Tris 

until desired 
pH (8)

6 Tris buffer 
pH 8

Use 1M 
TrisBase and 
1M TrisHCl, 
mix in Tris 

until desired 
pH (8)

Basic 
Co(SCN)2

C 3 Co(SCN)2 1M: 3g 
Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

Tertiary 
Amines

Dark Blue

4 Co(SCN)2 1M: 3g 
Co(II) nitrate 
hexahydrate 
+ 2g KSCN 

in 10mL 
H2O

5 2M NaOH 2M: 0.80g 
NaOH in 

10mL H2O
6 2M NaOH 2M: 0.80g 

NaOH in 
10mL H2O

P-
Nitroaniline

D 1 2M NaOH 2M: 0.80g 
NaOH in 

10mL H2O
2 2M NaOH 2M: 0.80g 

NaOH in 
10mL H2O

Phenol Red

3 HOTs (Tosic 
Acid)

1M: 1.72g 
HOTs in 

10mL H2O
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5 P-
nitroanaline

0.2M: 0.3g P-
Nitroaniline 

in 10mL 
CH3CN 
(remake 

frequently)
6 NaNO2 0.4M: 0.3g 

NaNO2 in 
10mL H2O 

(remake 
frequently)

Sulfanilamid
e

E 1 2M NaOH 2M: 0.80g 
NaOH in 

10mL H2O
2 2M NaOH 2M: 0.80g 

NaOH in 
10mL H2O

Phenol Orange/Red

3 HOTs (Tosic 
Acid)

1M: 1.72g 
HOTs in 

10mL H2O
5 Sulfanilamid

e
0.17M: 0.3g 
Sulfanilamid

e in 10mL 
H2O

6 NaNO2 0.4M: 0.3g 
NaNO2 in 
10mL H2O 

(remake 
frequently)

NQS (Nu) F 1 4M NaOH 4M: 1.6g 
NaOH in 

10mL H2O

Flame red at 
Top of Lane

2 2M NaOH 2M: 0.80g 
NaOH in 

10mL H2O
4 NQS 0.03M: 0.1g 

Napthoquinin
e Sulfonate in 
10mL H2O

5 HOTs (Tosic 
Acid)

1M: 1.72g 
HOTs in 

10mL H2O
Starch G 3 Triiodine/Pov

idone
Stir 0.40g 
Povidone 

overnight in 
10mL H2O 
(4% PVD)

Starch Black/ Dark 
Signal

4 Triiodine/Pov
idone

Dissolve 
0.050g I2 and 
0.10g KI in 

10mL water. 
Add PVD 

slowly.
Ethambutol H 2 2M NaOH 2M: 0.80g 

NaOH in 
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10mL H2O
3 CuSO4*5H2

O
1M: 2.5g 
CuSO4 in 

10mL H2O
Carbonate I 3 FeCl3 0.3M: 0.5g 

FeCl3 in 
10mL H2O

Orange-
Black

4 FeCl3 0.3M: 0.5g 
FeCl3 in 

10mL H2O
Ninhydrin J 2 Ninhydrin 0.17M: 0.3g 

Ninhydrin in 
10mL 

CH3CN
3 Ninhydrin 0.17M: 0.3g 

Ninhydrin in 
10mL 

CH3CN
4 K2CO3 2M: 2.76g in 

10mL H2O 
(remake 

frequently)
5 K2CO3 2M: 2.76g in 

10mL H2O 
(remake 

frequently)
DMAC K 2 DMAC (Soln 

1)
0.05g 

Dimethylami
nocinnamald

ehyde in 
10mL 

CH3CN
3 DMAC (Soln 

1)
0.05g 

Dimethylami
nocinnamald

ehyde in 
10mL 

CH3CN

Indoles Royal 
Purple/Blue

5 HOTs (Tosic 
Acid)

1M: 1.72g 
HOTs in 

10mL H2O
6 HOTs (Tosic 

Acid)
1M: 1.72g 
HOTs in 

10mL H2O
Timer L 0 NiCl2 0.2M: 0.713g 

in 15mL 
H2O

Card to be 
done running

Red

3 Nioxime or 
DMG

0.2M: 0.3g 
DMG in 

10mL 0.4M 
NaOH
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S.7 Principal component analysis contribution to variance

S.8 Example of pixel sampling method for RGB analysis
Pixels were sampled from each lane in the blue rectangles shown. The area is 40x150 pixels. 
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S.9 Additional study for possible interferences
Sample Color Result
Aspartame sweetener containing dextrose positive
Milk powder positive
Powdered coffee creamer positive
Saccharine sweetener containing dextrose positive
Diphenhydramine capsule containing lactose positive
Procaine HCl negative
Baby powder negative
Flour, all-purpose negative
Mannitol negative
Acetaminophen, dextromethorphan HBr, phenylephrine HCl tablet negative
Powdered cleaner, “Barkeeper's Friend” negative
Baking soda negative
Baking powder negative
Cream of tartar negative
Corn starch negative
Bath bomb containing maltodextrin negative
Caffeine negative
Talc negative
Whole earth sweetener packet containing erythritol, fructose, stevia, monk fruit extract negative
Pure aspartame negative
Liquid saccharine containing benzoic acid and methyl paraben (Sweet‘N Low) negative
Diphenhydramine tablet without lactose negative
Quinine negative
Pure xylitol negative
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